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ADVERTISEMENT. 

The scientific publications of the United States National Museum 
consist of two series, the Proceedvnga and the Bulletins, 

The Proceedings^ the first volume of which was issued in 1878, are 
intended primarily as a medium for the publication of original, and 
Bsaally brief, papers based on the collections of the National Museum, 
pesenting newly acquired facts in zoology, geology, and anthro- 
pology, including descriptions of new forms of animals, and revisions 
of limited groups. One or two volumes are issued annually and dis- 
tributed to libraries and scientific organizations. A limited number 
of copies of each paper, in pamphlet form, is distributed to specialists 
and others interested in the different subjects as soon as printed. 
The dates of publication are also recorded in the tables of contents 
of the volumes. 

The BuHetinSj the first of which was issued in 1875, consist of a 
series of separate publications comprising chiefly monographs of large 
KKdogical groups and other general eystematic treatises (occasionally 
in several volumes), faunal works, reports of expeditions, and cata- 
kgaes of type-specimens, special collections, etc The majority of 
the volumes are octavos, but a quarto size has been adopted in a few 
instances in which large plates were regarded as indispensable. 

Since 1902 a series of octavo volumes containing papers relating to 
the botanical collections of the Museum, and known as the Contrihu- 
&ms from the National Herbarium, has been published as bulletins. 

Hie present work forms No. 100, volume 8 of the Bulletin series. 

William deC. Bavenel, 

Administrative Assistant to the Secretary, 

In charge of the United States National Museum. 

Washingtok, T>. C, April 28, 1919. 

m 



M638126 

Digitized by LjOOQ IC 



Digitized by LjOOQ IC 



TABLE OP CONTENTS. 



Prefiice 1 

Introduction 8 

DlBtrlbiiti<Mi of flpedes 5 

1. Distribution of Philippine species ^ 5 

2. Analysis of species taken only In Philippine waters 10 

3. Ktiationships of Philippine fauna -^ 17 

4. Analysis of species taken outside of Philippine waters 19 

5. Relationships of Geld>es-Moluccan q>ecie8 21 

list of starfishes recorded from Celebes and the Moluccas, including 

Bouro, Amboina, and Ceram 2S 

List of dredging stations at iniilch starfishes were secured* with the 

species taken at eadi 2S 

Descriptions of q>ecies . 85 

Family PorceUanasteridae 85 

Genus Sidonaster 35 

Sidonastw vaneyi 35 

psUonotus 37 

(3enus Benthogenia 39 

Benthogenia cribellosa 39 

Funlly Ckmiopectinidae 48 

Genus Ctenodiscus 44 

Gtenodiscus orientalis , 44 

Genus Goniopecten 47 

Goniopecten asiaticus 47 

Genus Prionaster , 59 

Pri<master analogus 59 

gracilis 55 

megaloplax 5S 

Family Astropectinidae 59 

Genus Graspidaster , 69 

Graspidaster hesperus ^ 89 

Genus Astropecten 82 

Astropecten polyacanthus 68 

phragmoms 65 

mindanensis 67 

▼appa inaequalis . 69 

▼starts . 79 

granulatus T8 

monacanthus 74 

eucnemis 7S 

eremicus 79 

lusonicus 82 

tenellus 84 

pedicellaris 87 

Genus Gtenopleura - — 99 

Ctenopleura astropectinides 91 

13484—10 V 



Digitized by LjOOQ IC 



71 CONTENTS. 

Family Astropectinidae — Continued. Pacs. 

Genus Gtenophoraster 05 

Gtenophoraster diplocteniuB 05 

Oenns PsUaster 100 

PBllaster gotol 100 

robuBtus 108 

species 106 

Genus Astromesites 107 

Astromesites compactus 107 

Genus Persephonaster 111 

Persephonaster euryactis 112 

euryactls brevispinos 115 

anchistus 117 

luzonlcus 118 

tennis 121 

multicinctus 123 

suluensls 125 

oedlplax 127 

habrogenys 131 

monoetoechus 134 

Genns Trltonaster 186 

Tritonaster evorus 186 

Genns Anthostlcte 140 

Anthosticte aulophora 140 

Genus Dipsacaster 145 

Dipsacaster neslotes 145 

Imperialls 146 

diaphorus 152 

Genus Patagiaster 154 

Patagiaster sphaerioplaz 154 

Genus Koremaster 157 

Koremaster evaulus 157 

evaulus spiculatus 161 

Family Luldlldae 163 

Genus Luidia 168 

Luidia longispina 164 

prionota 164 

orientalis 166 

maculata 168 

savignyl • 170 

aspera 171 

avicularia 172 

gymnochora 175 

Family Archasteridae 180 

Genus Archaster 180 

Arebaster typicus 180 

angulatus 181 

Family Bentbopectinidae 182 

Genus Pectlnaster 182 

Pectinaster mimicus 182 

mimicus palawanensis 185 

bylacanthus 187 



Digitized by LjOOQ IC 



coKTBiirrs. Tn 

Family Benthopectliildae— 0>ntinued. p«g«. 

Genus CSielraster , — 190 

Ghelraster Inops 101 

nlasicus 192 

gaiellae 196 

dlomedeae - 200 

ludwigl 1 208 

triplacanthus - 205 

Genoa Benthopecten 208 

Benthopecten moluccanua 208 

polyctenios 211 

Btyradua 213 

VamUy Radlaateridae . 216 

Genna Badiaater 217 

Badlaater notablUa 217 

Family Goniaateridae 220 

Genua Paeudarchaater 220 

Paeudarchaater Jordan! 220 

oligopoma 222 

Genua Aphrodltaater 225 

Aphroditaater microceramna *. 225 

Genua Paragonaater 228 

Paragonaater ctenipea hypacanthua 228 

atenoatichna 239^ 

Genua Periaaogonaater 235 

Perlaaogonaater inaignia , 236 

Genoa Roaaater 240 

Roaoater nannua 244 

mamillatoa 247 

mindcoa - 250 

aymbolicoa . 258 



Genoa Medlaater 256 

Mediaater ornatua 256 

Genoa Geramaater 257 

Ceramaster amithi 257 

Genoa Nymphaater 261 

Nymphaater enryplaz 264 



dyacritoa. 



mucronatoa. 



leptodomoa 272 

moluccanua 274 

arthrocnemla 277 



habrotatua - 282 

Genus Sphaeriodiscua 287 

Spbaeriodiacua acotocryptua 287 

Genus Peltaater 290 

Pelaater cyclopias 290 

Genus Pontioceramua 294 

Pontioceramua grandia 294 



Digitized by 



Googl£ 



Vm CONTENTS. 

Family G<mia8teridae-~Ooiitlniied. Paci. 

Genus Litbosoma 29S 

litbOBoma actinometra 29S 

penlchra 801 

Genua Iconaster 808^ 

Iconaster longimanus 80S 

perlerctaa 806 

Genua Aatroceramus 80^ 

Astroceramns lionotns 1 810 

sphaerioatictoa 818 

Genua Oalliaater 810 

Calliaater corynetes 816 

Genua Aatrothaoma 820 

Aatrothaoma enphylacteum 820 

Genua Gonlodlacaster 824 

Goniodlacaater forficulatua 824 

Genua Stellaater 826 

Stellaater inoei 826 

Genua Antbenoidea 



Anthenoidea cristatua 

granulosua. 



llthoaorua 896 

ruguloaus ; 888 



Genua Ateloriaa. 



Ateloriaa anacanthua 848 

Family Oreaateridae 846 

Genua Oreaater : 846 

Oreaater nodoaua . 846 

alveolatua 848 

Genua Pentaceropaia 8S0 

Pentacerppsla tylodenna 800 

Genua Aaterodlacua . 864 

Aaterodiacna elegana 856 

helonotua 867 

Genua Guldta 860 

Guldta novae-guineae 860 

novae-guineae, young 861 

novae-gulneae plana 361 

Genua Halltyle 862 

Halityle regularls 862 

Genua Ohoriaater 86T 

Ohoriaster granulatua 86T 

FamUy Linckiidae 86T 

G^iua Diasogenea 86T 

Diaaogenea atyracia 868 

Genua Ferdina 870 

Ferdina glyptodiaca : 870 

Genua Fromia 878 

Fromia Japonica 878 

eusticha 875 

hemlopla 87T 

mllleporella 37S 



Digitized by LjOOQ IC 



OONTBNTS. IX 

Fimfly Llnddidae— Continued. Pag«. 

Qenns Nardoa 878 

Nardoa lemonnleri 882 

sqnamulofla 888 

semiregalarls 888 

tnbercalata 884 

frianti . 885 

tonralosa 886 

Genus Ophidiaster 888 

Ophidlaater fnacas 888 



trychnus 

toberifer 

doblosnv 



Genua Leiaater 886 

Leiaater analogns 896 

Genua Bnnaater 888 

Bunaater litiiodea 888 



Genua Lindda 400 

linc^la laevigata 400 

multifora 400 

goUdingU 401 

Vunily Ganoildae 401 

Genus Tarachaster 401 

Taracbaater tennia 402 

ItaiUy Metrodlridae 406 

Genua Metrodira 406 

Metrodlra aubulata 406 

Dunlly Poraniidae 407 

Genus Marginaster 407 

Marglnaater paudapinua 407 

Vunlly Astalnldae 409 

Genua Aaterina 409 

Aatartna cepheua 411 

coronata cristata 411 

coronata eueroea 414 

Genua Patiriella 416 

Patiiiella exigua 416 

Genua Aaterinepsla 417 

AaterlnoEMEda pedioellaria 417 

Genus ParanQ[>anthia 419 

Paran^anthla platydisca 420 

Genua Nepanthia 422 

Nepanthla maculata 422 

JouMnl 428 

Genua Anaeropoda 424p 

Anaeropoda macropora 424 

species * 426 

I^unily Bchinasteridae 426 

Genua Echlnaster 426 

Behinaster callosua 428 

stereosomus 480 

Genus OthiUa 432 

Othilia purpurea 432 



Digitized by LjOOQ IC 



X CONTENTS. 

Family Echinasterldae — Continued. PatiL 

Genus Henrlcla 435 

Henrlcla denslsplna 436 

mlcroplaz . 437 

arcystata 439 

Family Acanthasteridae 441 

Genus Acanthaster , 441 

Acanthaster plane! 441 

brevlspinns 442 

Family Solasteridae 444 

Genus Solaster 444 

Solaster tropicus 444 

Genus Crossaster 447 

Crossaster scotophilus : 447 

Geniis Lophaster 449 

Lophaster suluensls _^ 449 

Genus Xenorias 461 

Xenorias polyctenius 451 

Family Myzasteridae . 454 

Genus Myxaster 464 

Myzaster medusa 454 

Family Pterasterldae 468 

Genus Pteraster 456 

Pteraster corynetes 466 

obesus myonotus 468 

Genus Retaster _ 460 

Retaster insignls 460 

Genus Diplopteraster 462 

Diplopteraster multipes patagiatus 462 

Genus Hymenaster 468 

Hymenaster rhodopeplus 468 

bartBchl ^ 465 

Genus Hymenasterides 467 

Hymenasterides zenognathus 468 

Family Zoroasteridae 470 

Genus Zoroaster 471 

Zoroaster ophlactis 473 

microporus 476 

carinatus philipplnensis 477 

Genus Cnemldaster 480 

Cnemidaster wyvlllil 480 

Genus Pholidaster 484 

Pholidaster squamatus 484 

Genus Bythiolophus 484 

Bythlolophus acanthinus 485 

Family Asterildae 487 

Genus Distolasterlas 487 

Distolasterias euplecta 487 

hypacantha 487 

Genus Tarsaster 490 

Tarsaster distichopus 490 



Digitized by LjOOQ IC 



CONTENTS. XI 

Pag«. 

Family Pedicellasteridae 402 

<3eiras Ooronaster ■. 494 

Ooronaster volsellatus 496 

halicepus 497 

Genus Pedicellaster 499 

Pedicellaster chirophorus 499 

species 501 

Family Brisingldae 601 

Genus Odinia 505 

Odinia penichra — 505 

magister 50TJ 

Genus Brisinga 509 

i Brisinga tracliydisca 510 

I Genas Graterobrisinga 512 

j Graterobrisinga eacoryne 514 

j analoga P16 

I Genus Brisingenes 517 

I Brisingenes mimica 518 

! ancMsta ' 521 

j Genus Brisingella 523 

I Brisingella fragiUs 524 

; Genua Astrostephane 525 

Astrostephane moluccana 526 

acanthogenys 528 

Gttiua Stegnobrisinga 530 

Stegnobrisinga placoderma 531 

Genus Preyellaster : A 587 

Freyellaster spatulifer 588 

Bibliography . ■ 541 

Explanation of Plates 547 

Inder 708 



Digitized by LjOOQ IC 



Digitized by LjOOQ IC 



STARFISHES OF THE PHIUPPINE SEAS AND 
ADJACENT WATERS, 



By Waiabr K Fibher, 

IHreeiar of the Hopkku Marine Statkm of Stanford UniversUy and Curator 
of Invertebrate Zoology^ CiMfomta Academy of Bdenoee. 



PBBFACBL 



The following report is based upon an extenaye collection of sea 
ritars made by the United States Fisheries steamer AJhatroea between 
December, 1907, and December, 1910, in the region of the Philippine 
Tslands, Celebes, and Molucca Tslanda 

The Philippine cruise of the AJbatroBe was under the supervisiiHi 
of Dr. Hugh M. Smith, then deputy commissioner, now commis- 
sioner, of fisheries, to whom I am indebted not only for the piiidlege 
of describing the starfish material, but also for his constant coopera- 
tion during the progress of the work. 

The Albatraes occupied 576 dredging stations, at 224 of which 
starfishes were obtained, in addition to numerous shore stationa 
There is appended to the introduction a list of dredging stations, 
with data, and the species obtained at each station. 

The naturalists of the Albatron deserve credit for the excellent 
lireservation of the specimens — a result not always easy to achieve in 
the unfavorable conditions of the Tropics. 

In addition to the Albatross material, two new forms are described 
from the collection of the Museum of Comparative Zoology, and a 
number of specimens have been listed which were collected in the 
Philippines by the late Dr. Edgar A. Meams, U. S. Army. 

One hundred and ninety species and subspecies of sea stars were 
brought back by the Albatross^ which with those just mentioned make 
a total of 192 described or listed in this report One hundred and 
thirty-four species and subspecies are believed to be new. Most of 
them have been described already in preliminary papers (see Bibliog- 
raphy). A total of 90 species were not met with outside of the 
Philippine Islands and the basin of the Sulu Sea, of which all but 
four are new. One hundred and one species are either wider rang- 
ing forms, or else were collected only in the China Sea, in Celebes 

1 
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2 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 

waters, or among the Molucca Islands. Of these, 47 are new specie& 
Fifty-nine, out of 101 species, occur in the Philippines (8 new), 
making a total of 149 species for the group, of which only 55 had 
been described prior to the Albatross expedition. A majority of the 
65 are here recorded for the first time from the Philippines. 

Eighteen new generic types were discovered by the Albatross expe- 
dition, while new species have made desirable the segregation of six 
additional genera and subgenera. 

The new generic types are: 
Benthogenia^ Lithosonuij Xenarias^ 

Astromedtes^ Astrothaumay HymenasterideSy 

Anthosticte^ Atelorias^ BythiolophuSj 

Koremaster^ HaHtyle^ BrisinffeneSy 

Perissogonastery Dissogenes^ AstrostephanSj 

PontiocerarrmSy Tarachaster^ Stegnobrisinga. 

The other new genera and subgenera are: 

Ctenopleuray near Astropecten. 

Paranepanthia^ near Nepanthia and Asterinopsis. 

Glyphodiscusy new subgenus of Iconaster. 

Freyellaster^ near Freyella. 

Brisingella^ near Brisinga. 

Craterobrisinga^ near Brisinga. 

During the preparation of this report I have had occasion to draw 
rather freely upon the collection of the United States National 
Museum for comparative material. It is a great pleasure to record 
the liberal cooperation of the Museum authorities and in particular 
that of Dr. Paul Bartsch and Mr. Austin H. Clark. The collection 
of the Museum of Comparative Zoology of -Cambridge is a treasure 
house for the systematist, and its facilities have always been most 
agreeably placed at my disposal, both during visits and by the loan 
of specimens, for which I am indebted to Dr. Hubert Lyman Clark 
and Mr. Samuel Henshaw. The holotypes of Asterina coronata 
cristata and Bunaster lithodea are in the collection of this museum. 

During a brief visit to London I was able to examine a number of 
types in the British Museum, especially some of J. E. Gray's from 
Migupou, and for this courtesy I am indebted to Prof. F. Jeffrey 
Bell. Similarly Professor Joubin gave me access to the starfish col- 
lection of the Museum d'Histoire Naturelle of Paris, and Doctor 
Horst to that of the Leyden Museum, and to these gentlemen my 
best thanks are tendered. Nor should I omit a conference with my 
genial friend, Dr. E^ne Koehler, of the University of Lyon, the lead- 
faig European authority on Asteroidea and Ophiuroidea. 

As already stated most of the new species brought back by the 
Albatross have been briefly described. These are contained in papers 
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registered in the bibliography as Fisher 1911(7, 1918(^ 1913(7, 1916&, 
1917(1, 19176, while notes bearing directly upon Philippine material 
are (*ontained in 1916(z, 1917a, 1917/, and 1918. Keys to orders, 
families, and genera will be found in Idlld and 1906. 

The bulk of the photographs illustrating this report were prepared 
under the direction of Mr. T. W. Smillie, of the United States Na- 
tional Museum, from specimens arranged by the writer. The draw- 
ings illustrating structural details, and the photographic figures of 
the Asteriidae and Brisingidae were made by the writer. 

INTRODUCTION. 

References to the starfishes of the Philippines are found in scat- 
tered papers dealing with larger areas or in such general works as 
Gray's Synopsis of the Genera and Species of the Class Hypostoma, 
Perrier's Revision des Stell^rides, and Sladen's Challenger Asteroi- 
dea. There are no special papers dealing with the Philippine star- 
fish fauna, with the single exception of that by Bell On the Echino- 
derms collected during the Voyage of H. M. S. Penguin and H. M. 
S. Egeria^ when surveying Macclesfield Bank. This bank is about 
300 miles west of Lingayen Gulf, Luzon, about midway between 
Luzon and Annam, and is outside of Philippine waters as classified 
in this report. 

J. E. Gray ^ (1840) in his well-known paper assigns the following 
new species to Luzon : 

Randasia luaonica. Nardoa tuberculata. 

Othilia hizonica. 

The following are from Migupou,' probably a Philippine locality: 

Metrodira gubulata. 

Tamaria fusca {=Ophidiaster fuseus). 

Nepanthia maculatd. 

In 1844 Miiller and Troschel describe in Wiegmann's Archiv^ 
Linckia pusilla {^Ophidiaster ptisUlus) from the Philippine Islands. 

In 1847 Gray describes Hosia apinulosa {^Anthenea apinulosa) 
from the Indian Ocean and Philippine Islands. 

Von Martens (1866) mentions the following species: 

Echinaster faUax Muller and Troschel=0^Mia luzonica Gray= 
0. purpurea Gray, Luzon. 

Echinaster solaria Schmidel=Aoantka8ter planci (Linnaeus), 
Zamboanga, Mindanao, reef. 

Linckia mUiaris (Linck)=£. laevigata (Linnaeus), Zamboanga. 

^8ee BlbUoffraphy, p. 541, for titles. 

'Mr. Alvln Seale, of the Museam of Comparatiye Zoology, teUs me that he hat saUed 
paat a Migopon Point, but does not recall now whether it is on Luzon or on Mindanao. 
I hare Dot been able to find It on available maps. Possibly this is the locality to which 
Guy refers. 

'Jthrgang 10, vol. 1, p. 180. 
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Aaterina gibhosa (Pennant), var.^A. cephui f, "Philippines, im 
Berliner Museum/' 

Aiterina pentagona (Miiller and TToachel)=PatirieUa exigua 
(Lamarck), Provinz Albay auf Luzon, 

Lnidia maoulata Muller and Troschel, Manila Bay. 

The next year in a short paper the following species are ascribed 
to the Philippines: 

EchAnoBter solaria Schttddd^^Aoanthaster planoi (Linnmeus), 
described; Zamboanga, Mindanao. 

Gynmaateria carinifera {laimBLTck)=ABterope carifdferoj Zam- 
boanga, Mindanao. 

In 1875, Perrier in the Revision described Scytaster obtugum 
{=iNardoa ohtuaa) from the Philippines. The type, which I have 
examined, is a young specimen. He also records the following; 
species: 

AcamJbhaster eohimtes==A. plancL 

Eckinaater faUaof^OthdUa putpwrecu 

Ophidiaater pturiUua. 

Linokia mUiaria^L. laevigata. 

Scytaater tuberctdatua=Nardoa tuberoulata. 

Pentagonaater apintdoaua^Anthenea apinuloaa. 

Pentaceroa ohtuaatua=Pentaceropaia ohtuaata. 

Aaterina eepheua. 

Pteraater cribroaua=Iietaater inaignia. 

Sladen (1889) described the following new Philippine specieB 
from the Challenger collections: 

Aatropecten tmbeHia^ off Tablas Island, 100 fathoms. 

Aatrapeeten frumacanthaa^ east of Panay, 20 fathoms. 

Dytaeter inermia^ Celebes Sea, between Celebes and Mindanao, 
2,150 fathoms. 

Luidia aapera, off Zamboanga, Mindanao, 10 fathoms; off Tablas 
Island, 100 fathoms. 

Luidia longiapvM^ east of Panay Island, 20 fathoms. 

Pontaater truUipea^ west of Luzon, 1,050 fathoms. 

Nymphaater aymholicua^ off Tablas Island, 100 fathoms. 

Leptogonaater criatatua^ off Tablas Island, 100 fathoms. 

Pentaceroa productua^ var. tuheraia^ off Zamboanga, 10 fathoms : 
off Malanipa Island, 10 fathoms. 

PJholidaater aguamatua^ off Tablas Island, 100 fathoms. 

Aateriaa (Stdaateriaa) volaeUata^ near Cebu, 95 fathoms. 

FreyeOa echinata^ Celebes Sea, between Celebes and Mindanao, 
2,150 fathoms; west of Luzon, 1,050 fathoms. 

He also recorded the following species collected by the Challenger/ 

Vraepidaater heaperua^ east of Panay Island, 20 fathoms. 
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Archaster typicusj east of Zamboanga, 250 fathoms; off Zambo- 
anga, 10 fathoms; off Cebu, reefs. 

JSteUaster incei^ off east point of Paiiay, 18 fathoms. 

Asterodiscm elegans^ off Zamboanga, 10 fathoms. 

PerUcLceros turritus^^Oreaster nodosum (Linnaeus), off Zambo- 
anga, 10 fathoms; off Cebu, reefs; off Malanipa Island, 10 fathoms. 

PeTUaceropsia ohtusata^ off Cebu, reefs. 

Culcita novae-gumeaey off Cebu, reefs; off Malanipa Island, 10 
fathoms. 

Ghariaster granvlatas^ off Zamboanga, 10 fathoms. 

Nardoa tuherculata^ off Zamboanga, 10 fathoms; off Cebu, reefs. 

Linckia miliari8=L. laevigata^ off Cebu, reefs. 

Asterina cepheusy off Zamboanga, 10 fathoms. 

AcatUhaster echinUes=A. planci^ off Cebu, reefs. 

In the article, already mentioned, on the Echinoderms of Maccles- 
field Bank, Professor Bell (1894) lists the following starfishes, those 
marked with an asterisk being new : 

FathomR. Fatbomi. 

Archaster iypicua 23-CO ^Chaetaster moorei 86-40 

•Arehatter tenuis 35-41 Asterina oepheus 17-^ 

Aitropecten polyacanthuB SO-41 Fromia miUeporeUa 22-40 

Luidiaf aspera (young) 20-86 Leiastert leachi (young) 41-44 

Luidia for/Mfer 80-40 Leiastert speciosus (young).. 80-46 

Luidia harduHckU 81-87 Nardoa tuherculata 80-46 

iMidia lonffispina 30-46 Rhipidastert vannipes 82 

Luidia maculuta (young) 30-41 Mithrodia olavigera 41-44 

Omiodiscus ruffosus {young) ^. 46 EoMnaster purpureus 20-40 

^Cu/d^a (young), new species.. 40-60 Asterias volsellata 82 

•Patiria 1>riareus 8(M6 

DISTRIBUTION OF SPECIES. 
I. DisTBiBUTiON or Philiffine Sfkcies. 

Of the 149 species found in the Philippine Archipelago, 90 were 
not met with outside the group. The remaining 59 species range 
outside the islands and included seas and are analyzed in the fol- 
lowing lists ato k: 

{a) Species common to the Eed Sea, Indian Ocean, Philippines, 
Eastern Archipelago, and parts of the central and western Pacific: 

Agtropecten polyacanthuB. . Aeterina cepheue. 

Fromia mSlepareUa. OtMUa purpurea. 

Linckia laevigata. Aeanthaster plancL 
Linckia mvltifoTa. 

(6) Species common to the Red Sea, Indian Ocean, and Philip- 
pines, bnt not ranging into the Pacific: 

Astrapecien tnonacanthus. Luidia savigti/gi. 

13434 —Bull 100-19 2 
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(e) Species common to the Indian Ocean (including the Bay of 
Bengal and Arabian Sea), Eastern Archipelago (including the Phil- 
ippines) and parts of the Pacific: 

Craapidaster hesperus. SteUaster incei. 

Astropecten velitaris. Oreaster nodosus. 

Luidia maculata. Culcita novae-guineae. 

Archaster typicus. Culcita n. plana. 

Archaster angulatua. Linckia guUdingi. 

Cheiraster mops. Metrodira subvlata. 

Mediaster omatua. Patiriella exigua. 

Pseudarchaster jardanu Echinaster callosus. 

With the exception of Cheiraster inopSj Pseudarehaster jardanij 
and Mediaster omatua^ which occur below the 200-fathom line, the 
species listed under a, J, and c are littoral and shallow-water species^ 
22 in number. 

{d) Species common to the Philippines and Bay of Bengal: 

Ooniodiscaster forficulatuB. Ophidiaater iuberifer (to Ara- 

Nardoa lemannieri. fura Sea). 

Nardoa sguamuloaa. Ophidiaater dubioaua. 
Nardoa frianti. 

These are all littoral or shallow-water forms, none ranging to the 
lOO-fathom line. 

(e) Species common to the Philippines and Arabian Sea: 
Sidonaater vaneyi (788-888 fathoms). 

(/) Philippine species ranging into the China Sea : 
Peraephonaater anchiatua. Nepanthia jouhini. 

Aaterodiacua elegana. 

(g) Philippine species ranging into the western Pacific: 
Luidia aapera (to Admiralty Islands). 
Oreaater alveolatua (to New Caledonia). 
Retaater inaignia (lists i, j). 

(h) Philippine species extending to Japan: 
Choriaater granulatua (to New Zealand and western Pacific). 
Fromia japonica (to Java, Banda, and Arafura Seas). 
Henricia denaiapina (Straits of Korea). 

(i) Species common to the Philippines and Celebes (c) or Mo- 
luccas (m) : 

1. Littoral forms: 
Iconaater longimanua (to Java, Banda, and Arafura Seas). 
Nardoa aemiregularia (into Java Sea). 
Nardoa tuberculata (to Java, Banda, and Arafura Seas). 
Ophidiaater fuacua (to northwest Australia and Arafura Sea). 
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2. Deep-water species: 

Ctenodiscus orientalisj m. c. Zoroaster ophiactia^ c. 

Pectinaster hylacanthua^ m. Cnemidaater wyviUiiy c, (to Ara- 

Cheiraster niasictis^ c. m. fura Sea). 

Aielorias anacanthus^ c. Coronaster halicepua^ m. 

Retaster insignis (lists g, j). StegnohrUinga placoderma, c. 
Hymenasterides zenogruUhus^ m. 

(j) Philippine species extending into the Banda and Arafura 
Seas: 

Astropecten gramdatw. Ophidiaater fuacus (to northwest 

Rosaster sywholicus. Australia) . 

Iconaater langimanw. Nepanthia maculata. 

Nardoa tttberctdatcu Retaster insignia (lists g, i). 

Fromia japonica (to Japan). Onemidaater wyviUii. 
Ophidiaaier tuberifer (to Bay of 
Bengal). 

(k) Species common to Philippine and Hawaiian Islands: 
Cheiraster inops (to Indian Ocean, list o). 
Paeudarchaater jordani (Borneo, and Indian Ocean, list c). 
Mediaater omatua (to Arabian Sea, list c). 
Diatolasteriaa euplecta. 
BriaingeUa fragilia. 

(l) Bathymetric distribution of species of lists a to k occurring 
below the 100 fathom line : 

L From between 99 and 200 fathoms: 

Aatropecten granule Roaaater aymholicua. 
tua. Henricia denaiapina. 

Peraephonaater on- Goronaater halicepua, 

chistua. Diatolaateriaa euplecta. 

Luidia aapera. 
2. From between 200 and 800 fathoms: 

Cheiraater inopa. Hymenaateridea zenognathua. 

Cheiraater niaaicua. Goronaater halicepua. 
Henricia denaiapina. BriaingeUa fragilia. 
8. From between 800 to 500 fathoms: 

Gtenodiacua orientalia. Paeudarchaater jordani. 
Pectinaater hylacan- Henricia denaiapina. 
thua. BriaingeUa fragUis. 

Gheiraater inopa. 
4. From between 500 and 700 fathoms: 

Gheiraater inopa. Zoroaater ophiactia. 

Ateloriaa anacanthua. Stegnohriainga placoderma. 
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6. From between 700 and 1,100 fathoms: 



Paeudarchaster jor- 
danL 



Zoroaster ophiactis. 
Cnemidaster wyviUU. 



Suramary. — (Species taken only among the Philippine Islands, 
90.) Species ranging well into the China Sea (/), 8. Additional 
forms ranging into western Pacific (^), 3. 
Additional forms ranging to— 
Bay of Bengal (rf), 6; 
Arabian Sea («), 1; 
Celebes or Moluccas (i), 14; 

Banda and Arafura Seas (/), 10, but only 4 not in lists d and i. 
Species ranging to— 
Hawaii (A), 6. 
Japan (A*), 3. 
Wide-ranging species, Indian Ocean, Eastern Archipelago, and 
Pacific (c), 16. 

Additional forms ranging into Red Sea (a), 7. 
Additional forms ranging into Red Sea but not into the Pacific 
(&), 2. 

In the following table all species listed in the report are enumer- 
ated, except 90, which were met with only in the Philippine Archi- 
pelago. For analysis of those found only in Moluccan and Celebes 
waters see section IV. 
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Distribution o» Species otheb than those found only among the Phujp- 
FINE Islands — Continued. 
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Peltaster cyclopias. 
LUhosoma actinametra. 
Cdlliaater corynetes. 
Astrostephane acanthogenys^ 



• Hawaiian Islands. 
II. Analysis of Species Taken Only in Philippine Watebs. 

(a) Species taken only in Luzon waters. * ' 

1. From between 100 and 200 fathoms: 

Astropecten Itizanums. Paragonaster stenostichuB. 
Ctenophar aster diplo- 

ctenius. 
AstromesUes compao- 

tus. 
Persephanaster eury- 

actis. 

2. From between 200 and 800 fathoms: 

Astropecten luzonicua. Tritonaster evorus. 
P&raephonaater luzon- Rosaster mimicus. 
icuB. NympJiaeter mucronatiu. 

8. From between 800 and 500 fathoms: 

Psilaster gotoL Nymphaater meseres. 

Dipsacaster imperialis. 
(b) Species taken in the vicinity of Luzon and also in the in- 
terisland waters north of Mindanao and Surigao Seas: 
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Cartmaster voUeUattta (95-165). 
Paragonaster ctenipes hypacantkus (114-172). 
Pantioceramua grandis (114-200). 
Persephonaster oediplax (283-604). 

{c) Species from interisland. waters south of Marinduque and 
north of Mindanao and Surigao Seas: 

1. From less than 100 fathoms: 

Patagiaster sphaerio- Btmaster lUhodes (littoral). 

plax. AsterinopMS pedicellaris. 

Roaaater mamiUatus. DUtolaateriaa hypacantha. 
Ophidiaater trychnta. 

2. From between 100 and 200 fathoms: 

Ganiopecten aaiaticua. AatrotJuvuma euphylacteunu 

Anthoaticte aula- Pholid(uter aguarruUua. 

phcTo. Diatolaateriaa hypacantha. 

Luidia avicularia. Odmia penichra. 

3. From between 200 and 300 fathoms: 

Luidia gymnochora^ Nymphaater leptodom/ua^ Henricia 
arcyatata. 

4. From between 500 and 700 fathoms: 

Ceramaater amithL Henricia arcyatata (to 630). 
6. From between 700 and 900 fathoms: 
Eoremaater evaulua apiculatua. 

6. Depth not recorded: 
Odima magiater. 
{d) Species taken only in the Mindanao and Surigao Seas and ad- 
jacent bays: 

1. Less than 100 fathoms: 

Pentaceropaia tylodermaj EcMnaater atereoaanwa^ Pteraa- 
ter oheaua myonottia. 

2. From between 100 and 200 fathoms: 

Nymphaat&r euryplax. Henricia mdcroplaoo. 
Tarachaster tenuia, 

3. From between 200 and 300 fathoms: 

Nymphaater dyacritua^ Pteraater obeaua myonotua. 
L From between 300 and 500: 
CJievraater diomedeae. 
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{e) Species taken only in the basin of the Sulu Sea and adjacent 
Mindanao Sea; those marked with a star are from the Sulu Basin 
only: 

1. From less than 100 fathoms: 

Astropecten vappa Fronda eustichcu* 

inaeqtialia.* Fromia hemiopla** 

Rosaater namma^ Nardoa twmuloaa^ 

Iconaster perierctus.* Leiaster analogua^ 

AsterodtBCua heUma* Anseropoda nuicropara.^ 

tus.^ Acanthaater breviapinus.* 
Halityle regularis.* 

2. From 100 to 200 fathoms: 

Aairoceramvs spJuierioatictua.* 
8. From 200 to 300 fathoms: 

Prionaster analogus. 
4. From 300 to 500 fathoms: 

Benthoffenia crib el- Astropecten pedicellaris.* 
losa. Nymphaster habrotatus. 

6. From 600 to 700 fathoms: 

Peraephonaster «u- LopJuister mluensiB.* 

luensia.* Nymphaater habrotatua (to 7o*> 

Sphaeriodiaetu aeoto- fathoms). 
oryptua.* 
6. From 900 to 1,100 fathoms : 

Nymphaater atopua.* Hymenaater bartacM (1105). 

(/) Species found in the Sulu and Mindanao Seas which were takei i 
also outside these basins, as follows: 

a\ In the China Sea off Luzon, or in tributary bays: 
Aatropecten phragmoma (14 to 44 fathoms). 
Peraephonaater euryactia brevispinua (172-258 fathoms) 
Peraephonaater habrogenya (305-540 fathoms; SibuK.; 

Bay, Borneo). 
Periaaogonaater inaignia (159-254 fathoms). 
Anthenoidea criataiua (102-279 fathoms). 
Zoroaater carinatua phdlippinenaia (96-604 fathoms) . 

b\ In interisland waters, central part of archipelago: 
1. In less than 100 fathoms : 

Aatropecten phragrrwrua^ Aatropecten mindan&rts ^jk 
(4 to 42 feet), Luidia longiapina^ Lvidia prion^irE^ 
Zoroaater c. philippinenaia. 
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2. From 100 to 200 fathoms: 

Astropecten eucnemis^ A. teneUus^ Cte7u>pleura astro- 
pectinides^ ArUhenoides cristatus^ Zoroaster c. phif- 
ippinensis. 

3. From 200 to 300 fathoms: 

Lithosoma penichra^ Antkenoides cristaiua^ Anthe^ 
noides rugvioms^ Zoroaster c. phUippinerms. 

4. From 300 to 500 fathoms: 

Prianaster gracilis^ Dipsacaster diaphorua^ Litho- 
soma pemchra^ Anthenoides rugulosua^ Zoroaster n, 
phUippinensis. 
6. From 600 to 700 fathoms: 

Astropecten erendcySy Dipsacaater diaphorus^ Zoro- 
aster 0. phUippinensis^ Brisinga trachydisca. 

6. From 700 to 800 fathoms: Brisinga trachydisca. 

{g) Species taken only in Palawan Passage or tributary bays : 
Pectinaster mirrdcus palawanensis (730 fathoms). 
Asterina coronata euerces (littoral). 
Craterohrisinga eucoryne (375 fathoms). 
Cr<Uerohrisinga analoga (375 fathoms). 

(A) Bathymetric distribution of deep-water species. Those 
marked with an * occur also outside the archipelago as detailed 
under section I. This list includes I, I. 



1. From 100 to 200 fathoms: 

Ooniopecten asiaticus. 
Astropecten eucnemis. 
Astropeeten granular 

tus* 
Astropecten hiBonicus. 
Astropecten tenellus. 
Ctenopleura astropeo- 

tinides. 
Ctenoplior aster diplo- 

ctenius. 
Persephonaster ancMs- 

tus* 
Persephonaster euryac- 

lis. 
Persephonaster e. brevi- 

spinas. 
Astromesites compacttis. 
Anthosticte aulophara. 



Luidia aspera.^ 
Luidia avicularia. 
Paragonaster ctenipes 

hypacantha. 
Paragonaster stenosti- 

chvs. 
Perissogonaster insignis. 
Rosaster symibolicas.* 
Nymphaster euryplax. 
Peltaster cycloplax. 
Pontioceramus grandis. 
Lithosoma actinometra. 
Astroceramus sphaerio- 

sticttis. 
Calliaster corynetes. 
Astrothauma euphylac- 

teum. 
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Antherundes erUtatui. 
Tarachaster tenuis. 
Henrioia deniispina.^ 
Henricia microplax. 
Zoroaster e. phUippis^ 

ensis. 
Pholidaster sgucmatus. 
Coronaster volsellatus. 

2. From 200 to 800 fathoms: 

Prionaster analogue. 
Astropecten luzonicus. 
Persephonaster e. hrevi- 

spinas. 
Persephonaster luzonir 

cus. 
Persephonaster oediplax. 
Tritonaster evorus. 
Luidia gym/nochora^ 
Cheiraster inops.* 
Cheiraster niasicus.^ 
Perissogonaster insignis. 
Rosaster mimicus. 
Nymphaster dyscritus. 
Nymphaster mucronor 

tus. 

8. From 800 to 500 fathoms: 

Benthogenia cribeUosa. 
Ctenodiscus orientalis.^ 
Prionaster gracilis. 
Astropecten pediceUans. 
PsHaster gotoi. 
Persephonaster oediplax. 
Persephonaster habro- 

genys. 
Dipsacaster imperialis. 
Dipsacaster diaphorus. 
Pectinaster hylacan- 

thus.* 
Cheiraster inops. 
Cheiraster diomedeae. 



Coronaster halicepus.* 
Distolasterias euplecta.* 
Distolasterias hypacan- 

iha. 
Astrostepkane acantho- 

genys. 
Odinia penichra. 



Nymphaster leptodomue. 
Lithosoma penichra. 
Anthenoides cristatus. 
Anthenoides rugulosus. 
Henricia densispina.* 
Henricia arcystata^ 
Pteraster obesus myono- 

tus. 
Hymenasterides eenoff^ 

nathus.* 
Zoroaster c. phUippir 

nensis. 
Coronaster halicepus.^ 
BrisingeUa fragilis. 



Pseudarchaster jor- 

dani,* 
Nymphaster m^seres. 
Nymphaster habrotattia. 
Lithosoma penichra. 
Anthenoides rugulosus. 
Henricia densispina. 
Zoroaster c. philippic 

nensis. 
BrisingeUa fragilis.^ 
Craterohrisinga euco - 

ryne. 
Craterohrisinga analoga. 
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4. From 500 to 700 fathoms: 

Astropecten eremicus. 
Penephonaater suluen- 

sis. 
Persephonaster oedi- 

pU^.* 
Dipaacaster diaphorus. 
Cheiraster inops.* 
Nymphaater habrotatw 

(to 736 fathoms). 
Ceramaster smithi. 
Sphaeriodiscus scotO" 

cryptua. 

5. From 700 to 1,100 fathoms: 



Ateloriaa anacanthua.* 
Henrida arcyatata (to 

580 fathoms). 
Lophaater auluenaia. 
Zaroaater ophiactia.* 
Zoroaater c. philippir 

nenaia. 
Briainga trachydiaca. 
Briainga placoderma.* 
Stegnobriainga placo- 

derma.* 



Earemaater evardua api- 

culatua. 
Pectinaater mimicua 

palawanenaia. 
Paeudarchaater jordani. 
Nymphaster atopua. 
The following table indicates the distribution of all forms col 
lected in the Philippine Islands only: 

DiflmiBxmoN of spicnEs collected akono the FHnxppuiES onlt. 



Hymenaster hartachi 

(1,105 fathoms). 
Zoroaater nphiactis.* 
Cnemidaater wyvillii.* 
Briainga trachydiaca. 
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Distribution of spbciks collected 


AMONG 


f THE Philippines onlt — Conttnuefl. 
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XXL Relationships of Philippine Fauna. 

As summarized at the end of Section I, the species which range 
beyond Philippine waters include: First, about 25 species with a wide 
Indo-Pacific distribution and a very slight vertical range below low 
tide (Section I, a, &, c) ; second, 19 species which extend to Celebes 
or to the Molucca Islands and the seas at the south (Section I, t, y) ; 
third, 6 species which occur in the Bay of Bengal and 1 in the Ara- 
bian Sea (Section I, d^ e) ; fourth, 5 spacies which range to the 
Hawaiian Islands (k)^ of which 3 also extend to the Indian region 
(all deep water) ; fifth, 8 ^ecies which are members of the Japanese 
fauna, 1 being also Pacific {h). Of the remaining 6, 8 are China 
Sea species and 3 are from the western Pacific. 

Excluding the widely distributed Indo-Pacific forms, the remain- 
der seem to show a preference for the seas to the south of the Phil- 
ippines and for the Bay of Bengal. 

If the deep-water species alone are considered the following is 
the result: 10 species range to Celebes and the Moluccas, and 3 others 
to the Arafura Sea; 8 species extend from Hawaii to the Indian 
region; 2 from the Philippines to Hawaii; 1 to the Straits of Korea 
(not free from doubt as to specific identity). 

If the species which were taken only in the Philippine Islands are 
listed along with their nearest known relatives, somewhat similar 
results are obtained. In the three tables which follow, certain species 
(marked with an asterisk) are included which range into the China 
Sea or to the Celebes region. Of course it is likely that nearly all 
the species considered have a much more extended distribution than 
the limited data warrant us in asserting. 

It will be seen that 25 species have relatives in the Indian region, 
although in some cases showing kinship with Pacific or Moluccan 
fonns; 12 have related forms in the region from Celebes to Torres 
Strait; 12 ha^ related species ranging to, or so far as known, con- 
fined to the Hawaiian Islands; 7 have Japanese affiliations (shared 
in some eases with Indian connections) ; and 5 others have represent- 
ative forms in distant parts of the Pacific. One form, not listed be- 
low, Astropecten vappa inaequcLliSy is closely related to A. vappa of 
New South Wales and southwest Australia. 
Philifpine Spbcibs with afpabbnt nearest Relatives in the Indian Region. 



lUttpplnc Qwcics. 



Related species. 



Habitat of related species. 



AMnpettfUtuOut 



A . tndtnofU. 

A.grifgiKobhkr 

do 

A.teneUuM¥\at»Ti 

P. agauizi (Koehler) not very close. 
P.robuthu Fisher 



Bay of Bengal. 

Bay of Bengal, Indian Ocean. 

Do. 
Philippines, shallower water. 
Bay of Bengal. 
Moluocas. 



1 In a number of cases 2 related species are given. 
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Phujfpinx Species with appabent nearest Relatives in the Indiait 
Region — Continued. 



PhlUppine species. 


RAlated species. 


Habitat of related species. 


Penephonatter eurvaetis 


P. eoeJoehUet Aloock 


AndftiTiftn Sea. 




P miMkitiuiJt Goto 


Japan. 
Andaman Sea. 


Dipioauter imperiaUa 


D. iladmi A\(Wk 




D neaiotes VMter 


Hawaiian Inlands. 


Luidia avieulttria 


L inteora KoeMer 


Andaman Islands. 

Japan. 

roromandel Coast, India. 

Hawaiian Islands, Bay of 

Bencal. 
Oiilf ofManaar. 


Lvidia oymnoehora 


L dtnudaia Koehler 


^CMratter likttkut 






C. pflMtt* (Alcopk) 


RonutermiuMU 


i2.«m/lni»( Koehler) 


Andaman Islands, 


NymjihatttT ewryflax 


JV: MH (Koehler) 


Do. 


JfymphatUF dymtuM 


N. temnlig (Koehler, not Perrier). . . 
N.oardlnnitTUiW) 


Bay of Ben^l, Indian Oeeaa 
Western Indian Ocean. 






JV.6fW( Koehler) 


Andaman Islands. 


Lithatoma aetinometra 


L perUarikyUa ( A Icock) 




AfUhenoidei eriHatU8 


A. tarUaa (\\cocik) 


Do. 




F. armata Koehler 


Andaman Islands. 


Nardoatumu&M 


N friatui Koehler 


Andaman Islands, Plilllppine 

Islands. 
Mauritius 


LetMfT wnaloi/ut 






H. mutafw (Koehler) 


Andaman Islands. 


AcaiithiutnorefiUT^ut 


A. mauriiimsU de Lorlol? 


Mauritius. 


*Zoroatter ophiamt 


Z alfredi Alttock 


Bay of Bengal. 
Andaman Sea. 


Zoroaster e. phiUppinmtit 


Z. edrinattu Aloock 


^CnemidatUrwfiulU 


C «a(Alcock) 


Laccadive Flea 




C. tqiuimeus (Aloock) 


Lacoadive Sea; Gulf of liuiaai: 

Andaman Sea. 




D fnotOTjAoriM (A Icock)? 


BrUinffatrttehy^tea 


B avuianiaiiica Aloock..... 


Do. 









* Species 80 mari»d range outside the Philippines. 

Philippine Species whose neabest Relatives have been taken in thx 
Region of the Celebes and Moluccas, or Bamda and Abafuba Seas. 



Philippine species. 


Related species. 


Habitat of related spedea; 




il. acaftfA(/ifr Sladen 


Banda Sea. 


A ttrojteeun euenemls 


A, ifranuiatut Mailer and Txoschel . . 
P nbuatua Fisher .s. 


Banda and Anfkua Aw^mt 


PHUutergotoi 


PhlUppines. 
Moluccas. 




P. multidnetiu Fiahor 


Celebes. 


KoremoHere. avieaiatut 




Do. 


Lfttffai^fon^eSr!^^ 


J^./or/fd/cra Slalen 


Arafura Sea; Torres Stnit. 


Peetinaster m. paiawanenils 


P. Twimfcttt (Sladen) 


Celebes: Arafura Sea^ 




P. distinetwt Sladen 


Banda 1^. 


Paragonatter e. hvpaeafOhfu 

Nymphaster maereg 


P cC^ni DM Sladen 


Arafura Sea. 


JV. oTthroentmiM Fisher 


Celebes. 




P. obtuaaia (B. de St. Vincent) 

B rit^fri DOderloin 


Amboinifl Philippines. 
Amboina. 


BnnaHfr Uthodea ^ 









Philippine Species whose appabent neabest Relatives live in the Pacifig. 



PhiUppine spedes. 


Related species. 


HabiUt of related spedes. 


* Clenodiaeua orimtalia 


(7. eritpottts (Rettins) 


N., R.. and S. Padfio; N. At- 
Hawaiian Islands. 


A atropfcten eremieua 






a ludwigi (de lx)riol) 


Japan. 
Hawaiian Islands. 


CtenophoTOJiteT diploticniua.. 


C. hawaflenaia Fisher. . . . 




P. miaakUnaea Goto 


Japan. 
Do. 




....do 


T^ritonaater evorua 




Hawaiian Islands. 


Dipaacaater imperittlia 


D . neatoua Fisher 


Hawaiian Islands; Moluoou. 




i>. «farfrti/ AU«ock 


Andaman Sea. 




P. nul/in^f Fisher 


Hawaiian Islands. 


*Luidia oritnUUia 


i. aathenaaoma 


(3aliromia. 


LuidkL avictUaria 




Japan. 
Andaman Islands. 




L. inuara Koehler 



* Spedes so marked haye a known range oatside the Philippines. 
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Philippini Species whose appaeent nearest Relatives utb in the Pagxtio — 

Continued. 



Fhllippino species. 


Related species. 


Habitat of related species. 






Hawaiian Islands; Bay of Ben- 


CkeintUr 9attlkte 


C. JiiydcH Fisher 


gal. 
Hawaiian Islands. 


ChHrmMn diimedine 


do 


Do. 


GersiiMK^r mia/. 


C. darki Fisher (not dose) 


W. coast of North America. 






Hawaiian Islands. 






Do. 




d pedieeUarU FUh»T .' 


Do. 




A 6vneatu» Coloman 


8. and 8. E. Anstralla. 




A . coronate erutata Fisher. 


Caroline Islands; N. AostiaUa 






Japan. 


LvpiaMer tutunuU 


L.fureittiaerF]awr 


Ptervter hbttu* m yonohtf 


P. o6r«iM Clftfk 


Japan. 


BfmaiuitT bartmM 


If. fwAottw Sladen 


N. coast of New Guinea. 




C. 0^6^ Fisher 


Hawaiian islands. 









* Species so marked have a known range ontside the Philippines. 

lY. Analysis ot Species taken outside ot Philippine Waters. 

(a) Species confined so far as known to the China Sea but not oc- 
curring in Philippine waters: 

Persephonaster tenuis. Anthenaides Uthoaorus. 

Luidia orientdlis. Marffinaater pauoispinuB. 

(h) Species taken only in the Celebes and Moluccan region: 

Badiaster notabUh. Astrostephane molticcana. 

Solaster tropicus. 

{c) Species taken from Celebes waters only: 

1. Strait of Macassar— 



Benthopecten styraeius. 
Tarsaster distichopus, 

2. Gulf of Tomini— 

Persephonaster mono- 
stoechus. 
Koremaster evaulus. 
Pseudarchaster oligo- 
poms. 

8. Baton Strait — 

Persephonaster multir 

cinctus. 
Aphroditaster fnicro- 

ceramus. 
Nymphaster artkrocne- 

mis. 
Ferdina glyptodisca. 



FreyeUaster spatulifer. 



Myxaster medusa. 
Eymenaster rhodopep- 
plus. 



Paranepanthia platy- 

disca. 
Bythiolophus acanthi- 

nils. 
Brisingenes mirnica. 
Brisingenes anchista. 
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4. Gulf of Boni— 

Chevraater triplacanthw. Crosaaster acotophUus. 

Benthopecten polycte- Diplopteraster multipes 

niu8. patagiatits. 

Nymphaster arthroene' Pedicellaste^ chaTophar- 

mis. us. 

6. Flores Sea : Cheiraster ludwigL 

{d) Species taken only among the Molucca Islands : 

Prionaster megdLoplax. Dissogenes styracia. 

Psilaster robustus. Xenorias polyctenius. . 

Benthopecten moluccamis. Pteraster corynetes. 

NympJittster moluccanus. Zoroaster microporus. 
Anthenoides granulosus, 

{e) Species common to the Molucca and Hawaiian Islands: 

Dipsacaster nesiotes. 
(/) Species common to the Moluccas and Philippines, lists i and j 
under 11. 

(g) Bathymetric Distribution (see also I under II) : 

1. From less than 100 fathoms: Ferdina glyptodisca. 

2. From between 100 and 200 fathoms: 

Persephonaster tenuis. Marginouster paiuoispinus. 

Dissogenes styracia. 

8. From between 200 and 800 fathoms: 

Prionaster megaloplaa. Anthenoides granulosus. 

Dipsacaster nesiotes. Paranepanthia platydisca. 

Luidia orientalis. Xenorias polyctenius. 

Nymphaster moluccanus. Pteraster corynetes. 

Anthenoides lithosorus. Astrostephane moluccan€U 

4. From between 800 and 600 fathoms: 

Benthopecten moluc- Diplopteraster multipes 

canus. patagiatus. 

Scienter tropicus. Tarsaster distichopus. 

PediceUaster cMrophorus. 

5. From between 600 and 700 fathoms : 

Psilaster robustus. Cheiraster ludwigi. 

PersepTumaster multi- Radiaster notahUis. 

cinctus. Aphroditaster micro-' 

Cheiraster triplacanthus ceramus. 

(700). 
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NymphoMter arthroenemdi. 
Cra98aster seotophilua (700). 
Myafaiterfne€hi8(L 
Zoroaster nUcroporus. 

6. From between 701 and 901 fathoms: 



Bythiolophui acanthinu$. 
Brisingenes minUca, 
Bristngenes anchista. 



Benthopecten styraeius 

(901). 
Hymenaater rhodopeplas. 
FreyeUaster spatulifer (901). 



Persephoncister mono- 

atoechus. 
Koremaster evaulus. 
Benthopecten polycte- 

nitis. 
7. From between 901 and 1^00 fathoms: Pseudarchaster oUr 
goporus (1092). 

y. Reiationsbips of Oeuebbs-Molucoan Bpeoseb. 

As already pointed out in Section I there are 19 species common 
to the Philippines, Celebes, and Moluccas, or thq seas to the south. 
The Moluccan area is included in the range of most of the 25 Indo- 
Pacific species listed in Section I, a, &, and c. 

In the table below are listed 24 Celebes and Moluccan species (not 
collected outside this region) and their nearest known relatives. 
Nine have relatives in the Bay of Bengal, Laccadive Sea, or Indian 
Ocean adjacent to these areas; 8 have Philippine afSliations; 8 show 
a tendency toward Japanese forms, and 2 have Hawaiian relations 
(in addition to one, Dipsacaater neeiotes^ common to the two regions). 
The remainder are scattered as far as the Azores, Marion Island, and 
the north Atlantic. 



Sons Geuebes and Moluccan species with afpabsnt nbabbst Rxlativsb. 



OelebM-Mohiooaii spedas. 



Related ipedet. 



HftUtat of nlated spedet. 



NkMerrtiibuMbu,. 



Pmepkemttttrr mmttktnehu, . . 

Ftnepkamttater numettoednu, . 

Clubwtier iudwigi 

OtiruUriripiaeanihui 

BaUktpteten moluee^fuu 

BtwOtipeeUu polfcUnhu 

MeaOtlpeaem aifndiu 



PknrivckMter oHfoporiM.., 

ApkTodtmitf TMCfoctntmu, 

lyMpftoafrr flutfiieesmu 

Awikemkiei frtntmUtau* 

faHmgifvtoditea 

PmaHeputtkia piatydi$ea . . . 

Mulerirairfnu 

Qvt$nUr ffo f ft wjfcffur , 



MftuUrmeimta 

PtnuUr eoTTffUteM 

Dtpl9fttruier m. pafoffiohM. 
Bimaiatler rkodopepiua.... 



Fiaher. 



rouUi Koehter 

dngtdatut (Fisher) 

erocetu Aleock and Wood-llason. 

trtUUvei (Bladen) not close 

tuMuMrma/tM (Bladen) 

kuddlettonii (Aloock) 

dofaefM(Aloock). 



vUUaeew (Alcook) , 

volyeteniut 

Unrdi (Bladen) 

e^c^aiM Perrier 

veethii^er Lad wig (not close). 
aitfomu Fisher u^ot close)... 

midUt Bladen 

ludwigiiKoehlBr) 

rpixauMtw (Fisher) 

o/fTeH Koehler 

brocAtoto (Koehler) 

padOalKf Bladen 

japoRicM (Fisher) 

pmidOoAM Bladen 

foIPerrler 

temtretkulatui Bladen 

mvlUpes (Bars) 

nobttis Bladen 

IrwWerf Fisher 

barathH Aloock 

iToicAotfcf Bladen 



PhlUpptne Islands. 

Indian Ocean. 

Hawaiian Islands. 

OulfofManaar. 

West of Liuon. 

Off eastern Australia. 

Bay of I , 

LaocadlTec 

Do. 
Oelehes. 
North Atlantlo. 
West Indies. 
Eastern Padflo. 
North Padflo. 
Azores. 

Vicinity LaccadiTS Islands. 
Hawaiian Islands. 
Geykm and Andaman Islands. 
Andaman Islands. 
Japan; North Padflc. 
Japan. 

Marlon Island. 
Atlantic 
Marlon Island. 

North PadAc; north Atlantlo. 
Booth of AnstnUia. 
North Padflc. 
Bay of Bengal. 
North of Admiralty Islands. 
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Previous to the Albatross expedition Goniopecten and Prionaster^ 
two well-marked genera composing the Goniopectininae, were known 
only by a single species each from the West Indies. A very different, 
nearly subgenerically distinct species of OonUypecten was collected 
in the Philippines, and 8 new forms of Prionaster were added, one 
of which is close to the type, while the others are entirely different. 
The capture of a very distinct Ctenodiscus in the Philippine and 
Moluccan region greatly extends the range of this genus. 

A new species of the Indian genus Sidonaster was added, and the 
range of Sidonaster vaneyi greatly extended. 

The number of new, delicate deep-water Astropectens and of new 
Persephonasters, Luidias, Benthopectens, Bosasters, and Nymphas- 
ters is perhaps noteworthy. 

The following genera previously known only from distant Atlantic 
stations have provided each a new species : Radiaster (olim Mimas- 
ter)j Apkroditaster^ Peltaster^ Margmaster^ and Myxaster. 

The well-known Diplopteraster multipes is represented in Celebes 
waters by a small species or subspecies apparently most nearly re- 
lated to the Japanese variant of true rwultipes. 

Additions to genera first made known by the Albatross in Ha- 
waiian waters in 1902 are as follows: 

Ctenophor aster (second species). 

Tritonaster (second species). , 

Patagiaster (second species). 

Astroceranms (third and fourth species). 

Among the new generic types the following are rather isolated: 
Benthogenia, Atelorias^ Dissogenes^ Taraohaster^ Bythiolophus. 

The following are also monotypic, but their nearest relatives are 
fairly obvious and are indicated in parentheses: 

Astromesites (Persephonaster), 

Anthosticte {TethyasteTj Moiraster). 

Perissogonaster (Paragonaster) . 

Pontiooeramus (Eugoniaster and PUnthaster). 

AstrothauTna (CaUiaster). 

HaUtyle (Cidcita and Oreaster; a second species subsequently 
described). 

Xenorias (Rhipidaster) . 

Hymenasterides (Hymenaster). 

Additional new genera: 

Ctenopleura {Astropecten) . 

Koremaster (Dytaster). 

Lithosoma {I canaster). 

Paranepanthia (Nepanthda). 

FreyeUaster {FreyeUa). 

Brisingenes (Brisinga). 
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BriringeUa (Brmnga). 

Astrostephane (Brmnga). 

CraterobfiHnga (Brismga). 

Stegnobriringa (Brkinga). 

Takmg the collection as a whole it is characterized by the numer- 
ous species belonging to the Phanerozonia (189) and the few which 
fall in the Spinulosa and the Forcipulata, these being mainly deep- 
water forms. There are but 8 species of Asteriidae, a family very 
poorly represented at any depth in the Tropics, while extraordinarily 
numerous in the north Pacific, particularly on the American coast 
The census of species by families is as follows: 
PorceUanagteridaey 4. Poraamdae^ 1. 

Ganiopectirddaej 5. Asterimdae, 9. 

AstropecHmdaej 86. Eehmasteridae^ 6. 

Luidiidae, 8. Aoanthasteridae^ 2. 

ArehasteTridae^ 2. Solasteride^ 4. 

Benthopectinidae^ 12. Myxastendae^ 1. 

Radiasteridae^ 1. Pterasteridne^ 7. 

Goniasteridae^ 89. Zoroaateridae^ 6. 

Oreasteridae^ 9. AsterHdae, 8. 

Lmchudae^ 21. PediceUasteridaey 8. 

Metrodiridae^ 1. Brismgidae^ 12. 

Gwneriidae^ 1. 

The following species attributed to the Philippine Islands were 
not secured by the Albatross expedition : 

Astropecten imheUis Sladen; Sladen, 1889. 

Dystaster inermds Sladen, Celebes Sea; Sladen, 1889. 

Cheiraster truUipes (Sladen) ; Sladen, 1889. 

Anthenea spmvlosa (Gray) ; Gray, 1840. 

Oreaster productua tuberaius (Sladen) ; Sladen, 1889. 

Pentaceropsis obtusata (Bory de Saint Vincent) ; Sladen, 1889. 

Ophddiaster pusiUus (Miiller and Troechel) ; Muller and Troschel, 
1842. 

Nardoa obtusa (Perrier) ; Perrier, 1875. 

FreyeUa echinata Sladen; Sladen, 1889. 

UST OF STARFISHES REGORDBD FROM CELEBES AND THE MOLUC- 
CAS, INCLUDING BOURO, AMBOINA, AND CERAM. 

Species marked with an asterisk were taken by the Albatross in 
this region. 

Acanthaster planci (Linnaeus). Bay of Amboina (de Loriol, 
'Wrm; Doderlein, '96:820); Moluccas (Sluiter, '96:68).* 

Anthenea flavescens (Gray). Moluccas (Sluiter, ^95:805). 

" -» 

* Th«ie abbrerUted dtatlonB refer to Bibliographic Index ; the lint figure Indicates tlM 
year, tbe second the page. 
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^Anthenoides granulows Fisher. Between Gillolo and Eayoa, 
Moluccas. 

*Apkroditaster microceranma Fisher. Buton Strait, Celebes. 

Arckaster typicus Miiller and Troschel. Bay of Amboina (de 
Loriol, ^93 : 878 ; Doderlein, ^6 : 805) ; Batjan, Moluccas (von Martois, 
'66:84) ; Moluccas (Sluiter, ^96: 62). 

Asterias tenuispina Lamarck. Moluccas (Miiller, Wieg. Archiv., 
^48).^ 

AsteHna cepheua (Miiller and Troschel). Bay of Amboina (de 
Loriol, '98:888; '96:816) ; Moluccas, Amboina (Sluiter, '96:59). 

Aaterina coronata von Martens. Batjan, Mbluccas; Amboina 
(von Martens, '66:78). 

Asterina exigua (see PatirieUa ewigua). 

Asterina penicillaria (see Aaterinopsis penieiUaria) . 

Asterinopsia pemcUlaris (Lamarck). Moluccas, (von Martens, 
'66:74). 

Aaterope carinifera (Gray). Amboina (von Martens, 66:74 
Doderlein, '96:816) ; Moluccas (Sluiter, '95:69). 

Astropecten aoanthifer Sladen. Banda Sea (Sladen, 1889). 

Astropecten cdatua Perrier. Amboina ' [Ambon] ( Sluiter, '95 : 58 
Doderlein, 1917:174). 

Aatropecten anderaoni Sladen. Moluccas (Doderlein, 1917 : 177) 

Aatropecten handanua Doderlein. Banda Sea, 204 meters (Doder 
lein, 1917:60, 118, 175). 

Aatropecten celebenaia Doderlein. South Celebes, 462 meters (Do- 
derlein, 1917:50,118,175). 

Aatropecten polyacanthria Miiller and TroscheL Amboina (de 
Loriol, '93) ; Moluccas (Sluiter, '95:58). 

Aatropecten tematenaua Sluiter. Moluccas (Sluiter, '95:58).* 

Aatropecten velitaria von Martens. Amboina (von Martens, 
'65:360) ; Doderlein, '96:807). Macassar, 27-82 meters (Doderlein, 
1917:159). 

Aatropecten zehra aibogae Doderlein. Macassar, 27-82 meters (Do- 
derlein, 1917:54, 156,182). 

* Aatroatephane moluccana Fisher. Buton Strait, Celebes; vicin- 
ity of Kayoa and Gillolo, Moluccas. 

* Ateloriaa an<zcanthua Fisher. Gulf of Boni, Celebes. 

* Benthopecten moluccanua Fisher. Molucca Passage. 

* Benthopecten polycteniua Fisher. Gulf of Boni, Celebes. 

* Benthopecten atyraciua Fisher. Strait of Macassar. 

* Briainffcnea anchiata Fisher. Buton Strait, Celebes. 

* Briaingenea mimica Fisher. Buton Strait, Celebes. 
Bunaater ritteri Doderlein. Amboina (Doderlein, 96 : 318) . 

^Posfiibly Coadnaaterias calamaria. 

* See D5derlein, 1917, p. 72. DOderleln considers this species to be A. irregularia aerrata 
Mtlller and Troschel ** mit anilchtlgem fundort." 
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* BythiolophuB aeantkinus Fisher. Buton Strait, Celebes. 
^Chemuter masicus Ludwig. Oulf of Boni, Celebes; Molucca 

Passage; vicinity of Oillolo, Makyan and Eayoa, Moluccas. 

* Cheiraster iriplacanthua Fisher. Gulf of Boni, Celebes. 

* Chorioiter gramUahu Liitken. Togian Bay, Togian Island, Gulf 
of Tomini, Celebes. 

^Cnemidaster tDyviUii (Sladen). Gulf of Tomini, Celebes. 

^ Caronaster haUcepus Fisher. Off Molucca Passage. 

^ CroBSiJUiter scotophUus (Fisher). Gulf of Boni, Celebes. 

*Ctenodiscu8 orientalia Fisher. Molucca Passage; Gulf of Boni 
and Gulf of Tomini, Celebes. 

CuUsita arenosa^ Perrier. Amboina; Ceram Laut (Hartlaub, ^2) ; 
Amboina (Doderlein, '96:316). 

Cidcita grex Miiller and Troschel. Moluccas (Hartlaub, ^92) ; 
Bay of Amboina (de Loriol, '93:882). 

Culcita novae-guineae Miiller and Troschel. Amboina (Hartlaub, 
%; Doderlein, '96:810); Moluccas (Sluiter, '95:51). 

Ctdcita plana^ Hartlaub. Amboina (Hartlaub, '92). 

Culcita schmideliana (Betzius). Amboina (von Martens, '66:71, 
as 0. discaidea). 

^ Diplopteraster mtdtipes patagiattu Fisher. Gulf of Boni, 
Geleb^ 

^DipBOcaster nesiotes Fisher. Between Gillolo and Makyan^ 
Moluccas. 

*Di88ogenes styracia Fisher. Off Temate. 

Dytaster inermis Sladen. North of Celebes (Sladen, '89). 

* Eehinaster edUosus von Marenzeller. Binang Unang Island, 
Oulf of Tomini, Celebes. 

Echinaster eridaneUa Miiller and Troschel. (See OthiUa eridor 
nOla). 

Echinaster purpureus Gray. (See Othdlia purpurea.) 

^Ferdina glyptodisca Fi^er. Buton Strait, Celebes. 

^FreyeUaster spatiUifer Fisher. Strait of Macassar. 

FranUa nuHeporeUa (Lamarck) . Amboina (von Martens '66 : 70) ; 
Moluccas (Sluiter '95 : 60). 

Fromia monUis Perrier. Amboina (Studer, '84:80). 

[GofUaster cuspidatua (Gray). Celebes (von Martens, '66:86, as 
semUunatua)']. 

CroniodUcaster pleyadeUa (Lamarck). Moluccas (von Martens, 
'66:86). 

Gymnasteria carinifera. (See Asterope carmifera). 

^Bymenaster rhodopeplua Fisher. Gulf of Tomini, Celebes. 

* Bymenasteridea zenognathua Fisher. Molucca Passage, near 
Makyan Island. 

* Regarded as a race or Tarlety of novaeguimeae. 
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Koremaster evaulus Fisher. Oulf of Tomini, Celebes. 

Leiaster leachii (Gray). Moluccas (Sluiter, '96:60). 

Linckia laevigata (Linnaeus). Strait of Macassar, Celebes; Bat- 
jan, Moluccas; Amboina (yon Martens, '66:65); Bay of Amboina 
(de Loriol, '98:886; Doderlein, '96:819). 

Linckia gmldingii Gray. Amboina (Sluiter, '96:60, as paoifica), 

* Linckia m/ulHfora (Lamarck). Strait of Macassar, Celebes; 
Amboina (von Martens, '66:66; Sluiter, '96:60; and Doderlein, 
'96:319, Amboina) ; Tomahu Island, near Bouro Island (Albatross). 

Linckia rosenbergi yon Martens. Amboina (yon Martens, '66 : 64). 

Luidia maculata Miiller and Troschel. Bay of Amboina (de 
Loriol, '98:379); 

Metrodira siibulata Gray. Amboina (von Martens, '67:109; 
Studer, '84:31). 

Mithrodia clavigera (Lamarck). Moluccas (von Martens, '66:59, 
as Echmaster ecMnulahts; Sluiter, '96:88); Amboina (Doderlein, 
'96:322). 

* Myxaster medvsa (Fisher). Gulf of Tomini, Celebes. 

Nardoa galatheae (Liitken). Togean Island, Gulf of Tomini, 
Celebes (Sladen,'89). 

Nardoa novae-caledoniae (Perrier). Moluccas (Sluiter, '95:60). 

Nardoa pauciforis (von Martens). Amboina (Sluiter, '95:61). 

Nardoa semiregularis (Miiller and Troschel). Moluccas (Sluiter, 
'96:61). 

* Nardoa tubercutata Gray. Amboina (von Martens, '66:61, as 
Linckia tvherculata; de Loriol, '93 : 886; Doderlein, '96 : 319) ; Moluc- 
cas (von Martens, '66:61; Sluiter, '95:61); Great Tobea Island, 
Buton Strait, Celebes {Albatross). 

Neetria oceOAfera (Lamarck). Amboina (Ambon) (Sluiter, 
'96:66). 

Nymphaster moluccanus Fisher. Vicinity of Makyan, Gillolo, and 
Kayoa, Moluccas. 

* Nymphaster artkrocnemds Fisher. Buton Strait, Celebes, 
Ophidiaster cylindricus (Lamarck). Amboina (Sluiter, '96:60; 

Moluccas (Sladen, '89). 

* Ophidiaster fuscns (Gray) . Ealono Point, Buton Strait, Celebes. 
Ophidiaster purpureas Perrier. Bay of Amboina (de Loriol, 

'93 : 885 ; Moluccas (Sluiter, '96 : 60) . 

Ophddiaster pusillus Miiller and Troschel. Moluccas (Sluiter, 
'95:60). 

Ophidiaster pusiulatus (von Martens). Amboina (von Martens, 
'66:68; Doderlein, '96:317). 

Oreasteraffinis (MiQler and Troschel). ^Moluccas (Sluiter, '95 : 65). 

Oreaster grayi Bell. Moluccas, Amboina (Sluiter, '96 : 56). 

Oreaster Mvlcus (Gray.) Moluccas (Sluiter, '96:66). 
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OreasterUnckU (de Blamville). Moluccas (Sluiter, '95:56, as 
miuricatfM). 

Oreaster nodosus (Linnaeus). Bay of Amboina (de Loriol, '93: 
880, as turriitu) ; Moluccas (Sluiter, '95 : 56, as turritus). 

Oreaster aladeni (de Loriol). Moluccas (Sluiter, '95:56). 

Oreaster reinhardti Liitken. Temate (Sluiter, '95 : 56). 

OthSia etidaneUa Miiller and Troschel. Bay of Amboina (de 
Loriol, '93 : 391 ; Doderlein, '96 : 322 ; Moluccas (von Martens, '66 : 8^ ; 
Sluiter, '95 : 64). Probably the same as O. pitrpurea. 

0*tA£Ua purpurea Gray. Amboina (von Martens, '66 : 60, as Eohi- 
naster faUax; '67:107, as pvrpwreus) ; Moluccas (Sluiter, '95:64). 

^ ParanepantTda platydisca (Fisher). Buton Strait, Celebes. 

Patiriella exigua (Lamarck). Bay of Amboina (de Loriol, 
'98:384; Moluccas (von Martens, '66:74; Sluiter, '95:59). 

*Pectina8ter hylaoimthus Fisher. Molucca Passage. 

*Pectinaster nrnnicus (Sladen). Gulf of Tomini, Celebes; Ma- 
cassar Strait; Gulf of Boni, Celebes; off Batjan, Moluccas (Alba- 
tross). 

^PedioeUaster chirophorus Fisher. Gulf of Boni, Celebes. 

Pentaceropsis ohtusata (B. de St. Vincent). Amboina (de Loriol, 
'93:381; Doderlem, '96:810); Moluccas (von Martens, '66:82). 

^PersepThonaster monostoechus Fisher. Gulf of Tomini, Celebes. 

*PersepAonaster mvlticmctus Fisher. Buton Strait, Celebes. 

^Prianaster megaloplax Fisher. Vicinity of Gillolo, Makyan, and 
Eayoa, Moluccas. 

*Pseudarchaster jardani Fisher. Molucca Passage. 

*Pseudarc1uxsteT oUgoporus Fisher. Gulf of Tomini, Celebes. 

^PsUaster rohustus Fisher. Batjan Island, Moluccas. 

^Pteraster corynetes Fisher. Molucca Passage. 

^Radiaster notabHis Fisher. Batjan Island, Moluccas; Gulf of 
Tomini, Celebes. 

Retaster insiffms Sladen. Amboina (Simpson and Brown, 1910: 
60, as cribrosus), 

Solaster tropicus Fisher. Gulf of Boni, Celebes; Molucca Pas- 
sage. 

Stegndbrismga placoderma Fisher. Buton Strait, Celebes. 

SteUaster helcheri Gray. Amboina (Gray, '47:76). 

SteUaster incei Gray. Amboina (Sladen, '89). 

*Tarsaster distichopus Fisher. Strait of Macassar. 

*Xenori€ts polycterdus Fisher. Off Makyan, Moluccas. 

* Zoroaster microporus Fisher. Off Amblan Island (near Bouro 
Island) Moluccas. 

^Zoroaster ophiactis Fisher. Gulf of Tomini and Buton Strait, 
Celebes. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT EACH. 



Sta- 
tion. 



Locality. 



Depth. 



Natnre of bottom. 



Bot- 
tom 
temp. 



Species taken. 



0OW 

6104 

no9 
6m 

6112 
6113 
6114 

6116 

6116 

6117 

6118 
6121 

6122 
6124 
6128 

6126 

6184 
6186 



6186 

6138 
6140 
6141 
6144 
6145 
6140 



6147 
6140 



6162 
6168 

6160 

6167 

6168 



4.8 miles SW. Corresldor 

Light (14* 18' 65" N.; 

Sr81' 20" E.). 
China Sea, off soathern 

Lnwm (14» 46' 48" N.; 

120*12' 20" E.). 
25.8 miles 8W. Corregldor 

Light (14* 8' 46" N.; 120* 

16'30"E.). 
Balayan Bay, Loson (13* 

46'16"N.;120*40'80"E.). 

Balavan Bay, Lozon 

do 

Verde Island Passage, N. 

coast ICIndoro. 
do 

Month of Balayan Bay, 
Luzon. 

Balayan Bay, Lnson 

do 

East coast of lOndoro (yi- 
dnity lialabrigo Light). 

do 

Off Pt. Oiigon, E. coast 

Mindoro. 
do 



Snln Sea, vidnity soothern 
:iO* 48' N.; 121* 



48' 30" E.). 
Vio. Basilan Island, Suhi 

Arehlpelagp. 
11.9 milesNE. of Jolo Light. 

Jok) (16* 11' 50" N.; 121* 

08' 2*' E.). 
Off Jolo Light 



.....do 

OflJoioLiiJitVioio'.! 

do 

.do. 



Off Snlade Id., SW. of Jolo. 



..do., 



Off Slnin Id., Tawi Tawl 
Groap. 

Off Pajomi^an Id., Tawi 

Tawi Oronp. 
Off Pt. Bos Amigos, Tawi 

Tawl «• 18' iJr N.; 120* 

2' 56" E.). 
Off Tinakta Id., Tawi Tawl 

Groap(5*12'50"N.;119* 

66'6IP'E.). 
.....do 



.do. 



FaA^ 

onu, 

80 



in 

150 
840 

840 

200 

118 

159 
108 

220 
281 



742 

26 

161 

20 

19 
76 
20 
19 
23 
24 



Gray mnd, sand, 
shells. 



Coral.. 



Dark-green mud. 
.do. 



Fine sand. 



Dark-green mnd. 



....do 

Dark-green mnd. 



Green mnd 

Soft-green mnd.. 
Green mnd 



Soft-green mnd.. 



Fine sand 

Fine coral sand.. 



Sand, shells. 



Sand, coral 

Fine conU sand... 

Coral sand 

do 

Coral sand, shells. 
.....do 



do 

Coral, tfhells.. 



White sand 

Coral sand, shells. 

Fine sand, shells. 

Fine sand 



52.4 



50.2 



Coarse sand,8hens. 



49.5 



57.4 



Aitropectm oeUterit. 

Attropectenphn^fMnu. 

OtUHapurpurett, 

Attropeetm luumkiu, Perm' 

vhmagUr anehUtw, ChdnuUr 

hiop$. 
AHropeeten Imonkut, 
PerUtoQonatter iruignU. 
Penepkonaater hahrofiUft, 

Nymphatter muera. 
mpiacoHer imperUUi, Nin^ 

phatter meaeret. 
Penephonatter aneMstut.Iff*' 
phtuier mueronaiut, Poitffo- 

eenmus grandU. 
Parofonatter c. kfpaeantho, 

AfUhenoUei erUtalut. 
Periaaogmaster inaiignia. 
Goniopeeten aaiatkut, Anata- 

nMea criatatua, AnthemUea 

fUffttlOfttf. 

Ch^aater gaaeUae, AnthenaUat 

ruguioaua. 
Zoroaater e, pMUppinenaia. 

Prtonaater andlomu. PeraeplMh 
aater oedipUa, LUMaoma peaUr 
ehra, Zoroaater e. pkiUprmi»^ 
aia, BriahtgMafinoafa, 

Cteriodiaetia orientalia. 



Aatropecten ettcnetniam 
Aatroearamua apkaartoatkiut. 

Oreaater olveOatue, Cak»a 

noMM^utoaw. 
EeMnaaier cdUotua. 
EeMnaater ttereoaomm, 
Oreaater alveolatna. 
Retaater eribroaua, 
Culcita n. plana. 
Oreaater aloeoUUua, Fromia e^ 

««cto, Anaeropoda maerO' 

pora. 
Ophidiaatertvberifer. 
Oreaater alveoUUua, Aaterodiaata 

helonotue, Acanthaater hreat- 

aphiua, 
Roaaater nonniif . 

Ophidiaatertuberifer. 

Aatropeeien pJtragmoma, At- 
tropecttn vOUarU, StdlaaUr 

Aatropeeten phraQmorua, Na' 
pamhiamacuiata,Aatropecie» 
veUtaria, Luidia Umfiphta, 
ateUaaterincei. 

Aatropactenpkraamoruat OtUW 
purpurea, AHropeeten sett- 
laria, LuiUa prUmota, SteUaa- 
terincei. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT EACH— Continued. 



Stft- 



LooaUty. 



Depth. 



Nature of bottom. 



Bot- 
tom 
temp. 



Bpedes taken. 



fiUO 



BO. 

mi 



1174 
078 

am 



DM 
OfT 



807 



»4 






OflTinaktald.. Tawi Tawi 
Oroop(5* 12^50" N.; IW 



.do. 



Off Observation Island, 
Tvwi Tawi Groqp (6* Ol' 
4D"N.;U9*M'acr'E.). 

.....do 

....do 



....do , 

OflJoloLi8ht,Jolo. 



Off PL Origon, Rombkm, 
12*43'N.:l22*0fl'U"E. 

Vic Antonio Id., off eastern 
Panv. A10*_3«' 40" N.; 

....do. 



^SS"£. 



T 



10* 82*48" 



Off Ballseaai 
Bobol 



122* 



Taoon Str., E. coast of Neime 
^ Id.,l«r. 

f So" N.; m*^ 



.do.. 



fiogod Bay, aonthnn Leyte 
NE. of Badian Id., off W. 



NW. or Taiatara Id., off W. 

Samar. 
NE. of Tantera Id., off W. 

Samar. 
EastoTMasbatald 



NE. of Taratara Id., off W. 

Samar. 
Eastoflfasbatold 



Between Binlas and Lnson 

(off Anima Sola Id.). 
do 



Between ICarindnqne and 



OflU. 

10 



SOD 
174 



220 
564 

85 

20 
20 
108 

218 
004 

215 

105 

20 
580 



03 mdee 8W. Cocregidor 

LfShtyLoson. 
E. ooart of lOndanao, 9* 48' 

N.: 125*48' 15" E. 
Oolf of Davao, Mindanao.... 

do. , 



Coral sand.. 



Sand 

Fine sand, blatik 
specks. 

CkNralsand 



Oraen mnd... 
Goral , 



Coral sand... 
Coanesand. 



00.4 



Fine sand 

Mud, fine sand. 



Fine sand, mod., 



Soft green mad.. 



Green mud... 



..... do.. ........... 

Gray sand, mud. . 

Green mud, sand., 

Soft green mnd.... 

Green mnd. 

Gray eaad, mnd.. 



68.4 



62.8 
64.8 



58.9 
52.8 



Green mod 

• • • • • QO« ••••••«•••• 

Coarse gray sand. 



Coarse sand. 
Green mod.. 



59.9 

51.4 
50.5 

68.1 



Soft mud... 
CoraL 



Coral, sand... 
Coral! 



AHnpeeUn polpatmUkut, Frth 
mUi japonka, Othilia mir- 
wtrea, Narioa Um/owMeri, 
Nordoa friaiUi, Luidia «o- 
vlgnfrit OonloduauUr forp 



(Tiddf a n. fim^a^ Nardoa tuiiitt- 

loMf Othilia purpurea. 
AHropeden pJuragmorutf N^ 
'!M0 mccttlato, A9iwp€tit% 



Mtropectti 
pmUMat 

vdUarit. SUOiuter i 
Nardoa frianti. 



OilMia purpurea, 

AHropecten polyaoafUkitt, Ba- 
IU9U regularii, Luidia atpera, 
Lekuter awOogut, ArekatUr 
aamUofttf, Oreo^ter alveoiatut, 
Othilia purpurea. 

Jamatter peneretut. 

AHropecten poIyoeonlMis, A9- 
tropecten vappa fnoogiialis, 
leonoiter longimanue, 

Patafiasler tpkaerioplax. 

... pJkra^moriM, Ailttih 
monacanfftttt, Luidia 
prkmtiUi, 
Aatropeeten vettlarit, AttrO' 
peeUn faonaesatihM, Aetro- 
peelen euenemie, Luidia 
unffispina. 
ZoroaHere. pMUppineneis. 

Luidia fpnnoekon. 
Paragonarier e. hffpaeafUhut, 



trugulotui, 
Ceramoiier tmuhi, 

CraepidaMUrhetpenu, 

CratpidaHer herpenu. 



Luidia 



CratpidaaUr Utpmu, 

longiapina, 
Aitrapecten evcnemii, An^ 

(kenoidee aittatut, PKottdatUr 

equamatut, 
PhoUdatter aquamatut. 

Sidonatter vanqfi, PenephoU' 

atter oediplax, Zcroatter e. 

jO^iUppHumii, BTiHnga tra- 

chfditica* 
NymphasUr lepiodomut, Zora- 

aiter e. phiUppinenHt, 
Oonmarter haUeeput, Odfnls 

peniehra, 
Othilia purpurea. 
Attropeeten eremicue, Pereeph- 

onaster oedipka, Henrida or- 

cyrtata. 
dmrnattervaUellatut, 

CratpUailer Utperut, Aatro- 

peOen phragmorut. 
OphidiaOer/uicue, OikOia par- 

purea, 
Othilia purpurea, 
Fromia Japemka, OjMdiuter 

fueeui. 
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LIST OP DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAE32N AT BACH--Contiiii]ed. 



sta- 
tion. 



LoctUty. 



Dflpth. 



Natim of bottoDi. 



Bot- 
tom 
temp. 



Species takn. 



5354 



5368 
5873 

8378 

5374 

5378 

5879 
S380 
6381 



5387 



5388 

6380 
5301 



69Q3 
5310 
5335 
5336 

5838 

5338 
5333 

5835 
6843 
6345 



5856 

5867 



Onlf of Davao, Mfidimao . 
do 



.do.. 



Off NW. Panay, vie. Cahiya 

Ofl soafhoastam lOndoro.... 
BataiigasBay,Liuoii. 



.do.. 



Ofl Conagldor lig^t, Luson. 
....do 



BatwMnLal 

BW.oflCanila 
.....do... 



.do., 
.do., 
.do.. 



.do.. 



Verde Id. Passace, N. 
lilndoro. 

Verde Xeland Passage, off 
Bataogas Bay, Lncon. 

do 

....do 



.do. 
.do.. 



China Sea. vfc. Ht^ 
30» 3rN.; IW 43' 



China Sea. yJo. He 

31*43'N.;114*50' 
China Sea, vie. Ho 

31*38'N.;1W13'_ 
Vio. Hermanos Id., off N. 

Luzon. 
.....do 



..do. 
.do. 



liindoro Strait; 13* 87' 16"' 

N.;130*41'E. 
Linapaoan Strait. N. of 

Pabwan Id.: iri7' 16" N.; 

1W48'46"E. 
Malampaya Sound . Palawan 

Id.:10*56'56"N.;118*ir 

84"'E. 

....do 

....do 

Palawan Passage; off Pt. 

Talbonan. 



.do. 



N. Balabao Strait: 8* W 40" 

N.: 117* 18' 45" E. 
do 



Off Sandakan Harhor, 
Borneo. 



011W. 

38 
38 



31 
313 

384 

136 

170 
U8 

114 



103 

117 
193 
301 

948 

173 

314 

310 
186 



140 
534 
308 



100 

334 

380 

150 
313 
746 



14-35 



7 

7 

376 



780 
68 
68 
39 



Ooral... 
....do.. 



SandfOoraL 

Gray mud, Olo- 

higeiina. 
Green mud, sand.. 
Sand, mud 



49.3 
61.4 



8and,pebblea..... 
Mud, sheDs, ooral. 



67.4 



.do.. 



Gray mud, aind.. 
Fine sand, mud. 



Green mud 

Gray sand 

Dark gray sand... 

.....do.......... 

Broken shells, sand 



Lava gravel., 

Mud, sand.. 
Mud, shells.. 



Sand 

Gray mud, sand. 
Gray mud, sand. 



Soft gray mud. 

Sand, sheDs 

Green mud 

Mud 



Blue mud... 

do 

Green mud. 

Sand, mud.. 



Gray mud. 



Mud 

Mud 

Coral sand. 



....do 

Sand, shells. 
Coral sand.. 
Mud 



41.3 
68.6 



49.6 
50.4 



47.4 



5a6 



73.1 



53.3 

56.4 

58.9 
61.4 
38.3 



56.4 

40.6 



Oreaaier olMolafiu 
iiufgnU, Nardoa i.^_ 
OjOMiuUr /iisew, 
fmrpures. 

OreoMter nodonu, OreatUr i^ 



Zorwuter'cphOipphuiuli. 

Anthenoidearufuiomu. 

PomgoMuUr e. ifpaosaOu, 
Zorooffar c. pkOMaciuif. 

Zoroatter c phiUppkaub, Ah 
tropeeUntentUut. 

CtemkanaUr iiptotUalm, 
Lwiotoma ae^Mfimetn, Ztm- 
otter cpMUppinentlt. 

Pan^onatter e, hgpaoa/HQuu, 
Zoroatter e, pMappkuMb, 
Fotaioeeramut gramut, JMa- 



CiemMttm orlenteiif, Sttyao- 

frritin^ p2Mod<n»a. 
Zoroatter c pkiUppinentlt. 

POtatter qfdoplax. 
OaiOatter eorfneUt. 
Botatter mimkut, C b r t mtttr 

haUeeput. 
Botatter mhakmt, ZoroaiUrt. 

pkiUppinentit. 
AttrometUet eompaehu, Ptr- 

tepkonatler e. hretlipbimf 

ParaeonattertteiMtidmi. 
Pertephonatter e. hretitpimu, 

AttrometUet eompaehu. 

Pertephonatter euryactif , Para- 
gonatter ttenottUkat, Zort- 
atter e. pkUippHuntit. 

Zoroatter e. pmappl»eatU. 

Zoroatter opUaetit, 

Pertephonatter aneUthu.Pmt' 
pkmatter temOt, IMia 
orientaUt, AnthenoUet UOo- 



Pertephonatter tentOt (?) 
Marftnatter paudtpinut. 

Pertephonatter lutonieiu, Zo- 
roatter e. pMlipptnentlt. 

Pertephonatter luaonkut, Zo- 
roaatere.phmppinmtit, 

PertephanatUr fiuonleiu. 
Do. 

Korematter e. tpkviatnt, 

NepaiUMa ma e u l afa^ 
Attropeeten phro^momc. 



Attropeeten 
Luimamaei 



mindanentit. 



Cheiratter niatkut, Oeramuttr 
tmiau, Craterobritinft 
eueorfne, C, analoaa. 

PeeUnaOer m. palawanentU, 
CraieroMtinpa eneor^ne (7). 

Betatterintignit. 

SUUatter incet, I^rdoa tern*' 

regniarii 
Ctatpfduter hetperut, AttrO' 

peeten phragmorut. 
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LIST OF DBBDOmO STATIONS AT WHICH STARFISHES WERB 
SECURED, WITH THE SPECIES TAKEN AT EACH— Continued. 



6te- 



LooOfty. 



Depth. 



Natiue of bottom. 



Bot- 
tom 
temp. 



Species taken. 



Batavan Bay, Loxon. 
....do 



087 



am 






sm 



Verde Idaiid Passage: 18* 
W «r' N.: 121* or 80" E. 

NW.ofMtttnduqneld 

....do 



.do. 



Baay QuM, Lnson: 13* Ifi' 
25"N.;122*4fi'80'^E. 

Between Burias and Lonm 
(^idnltj Bagatao Light). 



Ha 

HIS 



1115 
MM 
fill? 



fins 



fiCM 
MS 

MM 

sm 



MM 

fiMfi 



Hf? 



.do. 
.do. 



.do. 
.do. 



Between Leyte and CebcL. 

Diqwn Bay, Leyte 

.do.. 



Between Ctiba and I/eyte. . 
Between Calm and Bohol.. 



..do. 
..do. 
..do. 



..do. 
.do.. 



HO BDhiSea,KW.ofG8gByanId. 



Sohi Sea, K£. of Cagayan Id. 
Sola Sea, NW. of Gagayan Id. 

Sola Sea, 8W. of 80th of Jmie 
Id.-»*12'N.;118*a8'E. 

Soln Sea, SE. of 80th of June 
M., 9* 13' N.: US* 51' W E. 

8iiln8ea.8 W. Corandagos Id.; 

iiriFiy'N.; i20*iF«"b. 



..do. 
..do. 



IConth Lingayan Golf . 

North eoast of Samar . . 
do 



Lagonoy Onlf, E.eoast Loson 
.....do 



Fath- 

eiM. 

180 

214 

180 

106 
88 

888 
107 

128 



Between Samar and Masbate. 118 



186 



153 
140 
188 
190 
296 
180 
145 

168 



88 
150 
166 



150 
176 
127 

508 



840 



27 

1,106 

51 

51 

54 

172 

806 



Sand.. 



Black sand.. 
Green mud. 



Soft mud. . . 
Green mud. 



Mud 

Soft green mud . 



135 Green mud, sand . 



Hard sand. 



Green mud . . 

do 

Green mnd... 

Mud 

.do.. 



Green mud. . 
....do 



Fine sand 

Green mud. 

Gray mud, sand.. 



....do 

Green mud. 



Gray mud, ooral 
sand. 



Coral sand,. 



Gray mud, ooral 



Fine gray sand . 

Gray mud 

Sand 



.do- 



Green mud, ooral 

sand. 
Fine gray sand, 

globlgenna. 

Green mud 

Green mud, sand.. 



810 Green mud 

406 I Green mud, ooral. 



51.8 



51.4 



55.8 
55.4 



55.2 
54.8 



62.4 
54.4 
54.4 



54.4 

54.5 
59 

49.8 



50.4 



49.4 



40.7 



58.2 



45.8 
44.3 



45.8 
42.8 



AatropeeUn Ifuanlau, PirtB' 

90ifonaiier inttifnit. 
AttnptcUn luzonkua, Pent 

pkumatter brevirplnut, 
BotatUr tymhcMcut, AniCh^- 

noidet ertalaihu. 
AwOuiMliet erittatut. 
ZoroatUr e. pkHhtptnensU, JHt- 

Matteriat eupCeeta. 
PrUmatUr tradlit. 
Oaspldaitar lietpenu, AfUk&- 

noidet eristaUu. 
Aftrtmeeten fframUatua, AfUk&- 

noiaet erittatut. 
Chdraster gateUae. Nfmphatter 

Uptodomut, Lukotoma oeni- 

dlra, Zoroatter e. pJUZip- 

jHnenttt. 
Lvidia avieuUsria, PholidaHer 

tquamatut, OonmatUr voUel- 

hum. 
Ctenoplewn asinpeeUnlda, 

Pholidaater tquamutiu. 
AHropecten evcnemis, Pkoltf- 

atUr tquamatutf Oonnatter 

volteUatut. 
AfUhenoidet erittatut. 

Do. 
Lvidia gpmnockora. 
Do. 
Do. 
Do. 
Paragonatter e. hjtpaoafUkut, 

Zoroatter c. pMttppinentit. 
Paroffonatter e. nfpaoantkut, 

Pontioceramtti groMit, Attro* 

ihauma euqAplaeteum, Zorth 

otter e. phiUnpinentit, 
Dittokuteriat Ajfpaeantha. 
Paragonatter e. hfpaeantJwt. 
Paragonatter e. AypooonAtts, 

Zoroatter e. phiUpptnentlt, 

Ooronatter voUeOaiut, Coro- 

flatter haUceputfDittolatteriat 

hppacantha. 
Zoroatter e. jjhiUppinentlt, 
Paragonatter e. kmeanlhitt. 
Anthotticte otitopAora, ParagO' 

natter c. hypaeanthut. 
Ctenoditcfu orientalit, Dipta- 

catter Haphorttt, Npmpihatter 

habrotatut, Lopkatter ttUn- 

enttt. 
Attropeeten pedieeUarit, Per- 

tephonatter tuJuentit, N^fnh 

pMtter habrotatut. 
BetUhogenia eribeUota, Prton- 

atter gradUt, Sphaeriodlteut 

tcotoeryptut. 
Attropeeten phragmorut. 

Ngmphatter atoput, Hfmen- 
titter barttdii. 

Cratpidatter hetperut, Metro- 
dira tubviata, 

Botatternannut, SteUatter ineei, 
Metrodira tubniata, 

Botatter nannut, Anteropoda, 
sp. 

Paragonatter e, kmeantkut, 
Attrottephane aeanthogenjft. 

Peetinatter hglaeanihut. 

Diptacatter diaphorut, Peeti- 
natter hglaeamkut, Chetratter 
inopt, Ckeiratter niatlcut, 

Cheiratter niatleut. 

Mediatter omatut. 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT BACH— Continued. 



sta- 
tion. 



54fi3 

MM 

6160 

6467 

6468 
6470 

M76 

6478 
6480 

6481 



6482 

6488 

6487 

6488 

6491 

6402 
6494 

6490 

6501 

6503 
6605 
6610 

6612 
6613 
6516 
6516 

6617 
6618 

6519 



6524 
6526 

6527 
6528 

6529 



Locality. 



Albay Gulf., 

.....do 

Lagonoy 
Lrtuon. 



Onlf, £. coast 



.do. 



.do. 
.do. 



San Bernardino Strait: 12* 
56'24"N.;124*26'24"^E. 

NE. Tacbuc Pt, Leyte 

do 



Stirigao Strait, E. of Leyte.. 



.do. 



.do. 



Between Leyte and Minda- 
nao; W 02' 46" N.; 126* 
05'33'E. 

Between Lesrte and Minda- 
nao; W N.: 125* 06' 46" E. 

Between Leyte and Minda- 
nao: 9* 24' N.; 125* 12' E. 

Between Leyte and Minda- 
nao; 9* 12' 46" N.; 125* 20' 
E. 

Between Leyte and Minda- 
nao: 9* 06' 30" N.; 125* 18' 
40" E. 

Mindanao Sea,yic. nigan Bay 



.do- 



Depth. 



do 

do. 

Ulgan Bay, N. coast Minda- 



.do.. 
.do., 
.do.. 



Mindanao Sea, off Pt. Tagolo, 
Mindanao. 

do 



...do... 
...do... 



.do.. 



.....do 

Between Slquijor and Bohol 

Is. 
.....do 



.do. 



.do.. 



FaiK- 

omt. 

146 

163 
665 

480 

669 
660 

270 

67 
62 

61 



74 
782 

772 
736 

736 

678 

664 

214 

226 
220 
423 

445 

605 

700± 

176 

109 
200 



182 
102 



360 
806 

392 
439 

441 



Nature of bottom. 



Gray mud... 
Green mud.. 



....do.. 
Mod... 



Fine sand.. 



Shells 

Fine sand. 



Sand, shells, sravel 

Sand, green mod, 
shells. 



Sand, broken shells 
Green mild 



.....do 

Green mud, oaral. 



Green mud.. 



Green mud, sand. 



Green mud, fine 

sand. 
Fine sand, gray 

mud. 
Green mud 



Bot- 
tom 
temp. 



' F. 



Gray mud, fine 
sand. 

....do 

....do 

(No sounding) 

Globlgerlna 



.....do • 

Gray mud, globl- 
gerlna. 

Globlgerlna, sand. 



No sounding. 



Sand 

Green mud, glo- 
blgerlna. 
Globlgerlna ooie.. 



.do.. 



Gray mud, globl- 
gerlna. 



48.3 



62.3 

62.8 
62.3 

62.1 

63.8 

62.3 

64.8 

63.3 

'63.*6' 

52.8 
6X8 



64.3 



64.3 
64 



64.3 
61.8 



62.8 
62.3 



63.3 



63.3 



Species taken. 



Attnmeettn ttaOhu, Zonnkr 

e, nkilippinentU. 
AnthenoUei eriitatiu. 
Ctenoditem ortentaUi, PtUukr 

ffotoi, AUlortat tmaeanOnia. 
Peetinatter hpUteanthut, JMf- 



PHIatter ffotai. 

CtewMte^t erientaOM, PriXaiUr 

TrUonatter evonu, ZonaaUr e. 

vhiUppinentit. 
JV^idMa/oHMnl. 
Adropeeun vetttarit, A§tnpt^ 

ten monaeofUhut* 
Attropeeun monae^ntkui, JKm- 

aSMiseatUr fofjleuXttiui. At- 
terodiseiu eUgana, Op kiaiat ler 



trfeknut^Ophidiatterd 
Nordoa wuamnUtaa, 
noptU pemeeUwrU. 



AtUrt- 



otomut, Puntter o. mfonofw. 
BrMnga (racAydisea. 



Do. 

Sidonatter vane^l, AtiromeUn 
eremkui, Nyrnvhaattr tedro- 
tatw, BrMnga (rbcftfdleea. 

Aitropeeten eremkut, 

Attnpeelen eremkut, Britiuga 
tnoipdieea. 

Ctenodieau prietUaUe. 

Anthenoldee rmguloeua, 

AfUhewMet rv^uUmu, 
ArUkenoidee cristattu, 
LUhoeoma penidira, HenrtOa 

deneiepina, 
C%eiraeter diomedeae. 
Benthogenia eribeUoea. 
BrMnaa traehpditea, 
Npmpkaeter ewrfpUu, Anikt' 

noldce erittatut. 
HenrMa dentUpina, 
Aetropeeten teneUtu, ffeniiete 

mkroplax, Pteraeter o. mf- 

onotiM. 
HenrMi denHaplna. 
CienopUwaaetTopeetinide*, Ro- 

taster tymbolkut, AMhenoUet 

crittatut, 
Aatroceramut lUmottt, Henrldu 

deneiepina, Pteraater o. «iy- 

onotut 
Henrkki dentitpina, 
Diptacaater diaphanu, 

Ctenoditcua orientalia, Antkt- 
noUUe ruguloaua, ZoroaHer e« 
philippinenaia. 

CtenoMKua orientaUa. Dipaor 
outer diaphorua. LUhotoma 
penkkra, Zoromer c. pUiip' 
pinenala. 

Ctenodiaeua orkfUaUa, 
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LIST OF DREDGING STATIONS AT WHICH STARFISHES WERE 
SECURED, WITH THE SPECIES TAKEN AT BACH— Continued. 



Loeallty. 



Depth. 



Natcm of bottom. 



Bot- 
tom 
temp. 



Species takeiL 



Between Negras and SiqalJor 



.do., 
.do.. 



inndaiiio Sea, off Ft. Tagolo, 
mndanao. 

SW. of Jolo Light, Jolo... 



.do.. 



8B.ofCebaltanPt..Jolo 

N.oCCsbalitfi Pt., Jolo 

Between Jolo and Tawl- 
Tawl,5»61' 4i" N.; iaO*3(K 

YUkdtj of Darrel Bay, 



aibolro Bay. Borneo. 
....do...... 



.do., 



....do 

Qolf of Tomhii, Celebes; l* 

13' 10" N.; las^ 17' 05" E. 
Gnlf of Tomfail, Celebes; 0* 

22'N.:18r08'30"E. 
Off Dodepo Id., Gulf of 

Tomhii, C^bes. 



Off Binans Unanc Id., Gulf 

.."l'^^. 



.do. 



N. E. Ternate Id., 0* i'^ 80" 

N.; 127* 25' 30" E. 
Molaoea Passage 



..do.. 



Vldnity of MaMan Id., Mo- 
lucca Is. 
....do 



.do.. 



.do.. 



Betweoi QiDoIo and Eayoa 
> Is., Hotuoeas. 



oms. 
370 



354 
266 

310 

103 
363 

358 

84 

\5 

343 



476 
847 

415 

360 

806 
766 

063 

647 

834 



761 
1,088 

1,003 
181 
417 

485 

208 
275 

373 



330 



Green mud.., 



.....do 

Green mud, sand., 

Fine sand, broken 

shells. 

Sand 

Sand, Rlobiginera, 

for aminifora. 
Fine sand, shells.. 



Coarse sand 

Coral 

Sand, pteropod 
shells. 

Gray mud, fine 
sand. 



Gray mud. 
.....do 



Grsen mud, sand, 
coral. 

Fhie gray sand, 

gray mud. 

Green mud 

Sand, Riobigerlna, 

pteropods. 
Gray mud 



Green mud.. 



Fine sand.. 
Gray sand.. 



Green mud.. 



Gray mud. 



Fine gray sand, 
mud. 



Gray and bhick 

sand. 
Gray mud 



Fine sand, mud. 
....do 



•P. 
68.6 



88.6 

88.8 

68.8 

64.6 
6X8 

63.8 



63.3 

88.8 

41.1 
44 

43.8 

46.7 
43.3 



36.3 
86.3 



Gray mud, fine 
sand. 



JVkmmftasrcr tffwnrw, AtUU- 
noOa criHaivM, Antha»oU£$ 
rtMOtmu, Henrida &§»$$- 
spfn4i,£r«nrlefa arcntatajner' 
otter 0. mponotut. 

Prknaata atuUoffut, Periat^ 
gonaater Huignia, 

Ckdratter gateUae, ZonaaUr 
e. pAa<ppln«nfis. 

PrUmaHer analogua, J^^pjbos- 
terduaerUui, 

Tanduuter temtia. 

Hfmenaatnidaa tenognaOma. 

Peraephonaaier a. brevlaphma, 
Hymemuteriia aenognathua . 
Nardoa tumitloaa, 
LHidtia laevigata, 
ZorwuUr e. imipphtenaia, 

Paeudarduuter jordofU, Zoroaa- 
ter ovkiaetia, CnemidaaUr 

Ctenodfaeiu orietUaUa. 
CunoiUeua orientaUa, Paaui- 

arehaater jordani. 
Ctenodiaeua orientaUa, Pscud- 

areka«^ jordarU, ZonaaUt 

c. pMUppmenaia. 
Zonaater e. philippinenala. 

Peraephonaater habrogenjfa, 
Koramaater evaiulita. 

Onemldaater wpHm. 

Ctenodiaeua orientaUa. PaOaater 

9p.,Radiaater notaMMa, Ugxaa" 

termtiduaa, 
Peraephonaater monoitoreliM, 

Koramaater eoaulua, Hymen' 

aater rhodopeplua, Zoroaater 

ojOiiaetia, 
Ptetinaater mimkua, Onemidaa- 

ter wfvlUH, 
Peetinaater mimieua, Paeudar* 

ehaater oUgoporua, CnenMaa' 

terwyvOm. 
Peetinaater mimieua, Paeudat' 

ehaater oUgoporua. 
Diaaogenea atfraeia, 

Ctenodiaeua orientaUa, Chetraa- 
ter niaaieua, Benthopeeten 
molueeanua, PaeudaraiaaUr 

Jordani. 

Ctenodiaeua orientalia, Peetinaa-' 
ter hylaeanthua, Chdraater ni- 
aaieua, Benthopeeten moliie- 
eanua, Sdatter tropieua, 

Oortmaater halieepua. 

Nffmphaater molueeanua. An- 
thenoidea granuloaua, XenoP' 
iaa polyeteniua, Hgmenaat^ 
ridea aenognathua. 

Dipaaeaater neaiotea, Pteraater 
eorynetea, Hymenaateridea s«- 
nognathua. 

Prionaater megaloplax, Dipaa- 
eaater neaiotea, Chebraater nia- 
aieua, Anthenoidea granuloaua. 

Prionaater rnegalopua, Nym- 
phaater molueeanua. 
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Stft- 
tlon. 



LooaUty. 



Depth. 



Nftton of bottoni. 



Bot- 
tom 
temp. 



M26 

8880 

5681 
6682 

6637 



6640 
5641 
5645 
5648 



5661 

5654 

5655 
5656 



5658 
5660 



5664 

5668 



Between Qillolo and Kayoa 

Is.. If oluocas. 
do 



8. of Patiente Strait; 0* 56' 

80" 8.: 138* 05' E. 
8. of Patiente 8tnit; 0* ffT 

8.; 127* 56' E. 
Off Batjan Id.; 1* 8.; 137* 

50' E. 
Vicinity Amblan Id., off 

8. E. Bouro; 3* 53' 30^' 8.; 

136* 48' E. 

Baton 8tralt, Celebes 

....do 7 

....do 

....do 



OulfofBoni, Celebes. 
....do 



.do. 
.do. 



....do 
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AUhria 



'lorias ttnaeanthus. 

CteftoHseus orientdtts, DMo- 
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taster eMrophonts, 

Ckeiraster fuasieus. 

Psetinaster nUmteus, Chdruter 
ludwigi, 

Ttrsastsr distleKoput, 

PeeHnatter mhnkms, BetUhO' 
peelen stfraelus, FrsfsU' 
aster spahuifer. 
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DBSCRIPTION OF SPEOIBS. 

FamOy PORCELLANASTERIDAE Sladen, restricted.' 

GcMs Sn>ONASTEB Koebler. 
Sidonaater Kobhlcb, 1900, p. 87.— Fi8Heb» lOlld, p. 28. 

8IDONASTBB YJOnm BmUv. 

Plate 3, fig. 3. 
Sidonaster vaneyi Koehlek, 1909, p. 37, pi. 3, fig. 6 ; pL 6, fig. 5 ; pi. 10, fig. 8. 

Diagnosis. — ^R = 36 mm.; r=15 mm.; K=2.4 r (Koehler's type 
B=:2 r). Abactinal integument of disk covered with small spine- 
lets as far as distal edge of cribriform organ, that of rays being bare; 
superomarginals 5 to 7 with one upright spine and 1 or 2 smaller 
tccessories; terminal plate with 7 spines; adambulacral spinules 1 
or 2, usually 2, the plates strongly hollowed on furrow margin; 
mouth plates with a median unpaired spinule, and spaced from this 
2, 3, or rarely 4 marginal spinules at mouth of furrow. 

Notes an Philippine specimens, — ^The 4 specimens combine cer- 
tain characters of S, vaneyi and S. hatheru It has in fact been 
difficult to decide what to name them. The two specimens from sta- 
tion 5215 are much larger than Koehler's specimens of either vaneyi 
or hatheriy since the type of vaneyi has R = 20 nmi., and that of 
hatheri not more than 26 mm. Koehler has so carefully described 
both species that I shall need only to point out the differences pre- 
sented by the Philippine examples. 

The abactinal spinelets do not extend quite so far distally on the 
radii as figured by Koehler. Two large specimens from station 5215 
Taiy in Uiis respect, one being about intermediate between the condi- 
tion of typical vaneyi and batheri. Along the edges of the abactinal 
integument the spinelets extend to the distal edge of the cribriform 
organ, but on the radial line little if any farther than an intersecting 
line drawn between tlie middle of two adjacent cribriform organs. 
Thus the spinous and papular area is deeply concave radially, and 
die varying amount of this concaviiy (even on different radii of the 
same specimen) controls the width of the interradial band of abac- 
tinal spinelets. Abactinal spinelets are as described by Koehler, 
and 1.5 mm. long. 

^As noted under the Gonlopectlnidae, the Ctenodlaclnne are more properly referable to 
Itaft teaUy. FUb&r, 1016a, p. 1. 



Digitized by LjOOQ IC 



86 BUIXETIN 100^ UNITED STATES NATIONAL MUSEUM. 

There are 7 superomarginal and 8 or 9 inferomarginal plates on 
the largest specimens, and 7 of each on two smaller examples from 
station 5491. The cribriform organ is relatively larger in the larger 
specimens. The spinelets of each distal border, to the number of 
about 20, are united by a thin membrane, but the others are free. 
The angle between the lateral and ventral border is more abrupt 
in the large specimens, possibly because the organ occupies a larger 
amount of the first plate, there being scarcely any of it left bare. 
Koehler found 5 marginals in the type. In hatheri there are 5 to 7. 
The superomarginals nearly always have a second or accessory 
spinule, and on the second and third plate, sometimes elsewhere, 2 ac- 
cessories. One of the smaller specimens has 3 on the second plate. 
The primary spines are more prominent in small than in large 
examples. The spines of the terminal plate are as described by 
Koehler. 

Large examples have 16 (instead of 11 of the type) pairs of 
adambulacral plates and 15 pairs of tube feet to each ray. The 
adambulacral plates are hollowed out on the furrow margin as 
described by Koehler, but instead of there being constantly 2 furrow 
spinules, a few proximal plates have only 1; in one of the large 
specimens the 6 or 7 distal plates have only 1 spinule. This same 
specimen has 2 spinules to each mouth plate, in addition to the 
median unpaired marginal spine, but the other large specimen has 
3 on all plates except one, where there are 4. The 2 small speci- 
mens have usually 3 lateral mouth spines, occasionally 4. The 
type of vaneyi has 2, and hatheri has 4 or 5. The mouth plates are 
very prominent actinally and each is produced into a winglike process 
adjacent to first adambulacral. 

The plates of the actinal intermediate areas are rather loosely 
joined, some of them slightly imbricated. About 30 of the plates 
bear a central slender spinelet, very similar to the spinelets of the 
cribriform organs, although a trifle longer. The median interradial 
area is not devoid of spinelets as in S. psUanotus. The intermediate 
plates extend to the fifth or sixth adambulacral plate. 

The peristome contains widely scattered microscopic rods with a 
few perforations. These are more numerous in the lip. A small 
piece of the wall of the stomach did not have any calcareous deposits. 
A piece of the dorsal integument from the ray (where there were 
lieither papulae nor spinelets) contained scattered microscopic 
plates, some very small with 2 or 3 perforations, and apparently 
just beginning to be formed; others larger and with very irregular 
periphery ; still others nearly circular with 12 to 25 perforations. 

Type-locality.— GxAi of Oman, lat. 21^ 53' N.; long. 57** 43' E., 
838 to 733 fathoms (Koehler). 
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Distribution.— GuU of Oman and Philippine Islands 783 to 888 
fathoms, green mud. 

Specimens examined. — Four from the following localities: 

Station 5215, east of Masbate Island, Philippine Islands, 604 
fathoms, green mud; bottom temperature 50.5® F.; 2 specimens. 

Station 5491, between Leyte and Mindanao, Philippine Islands, 
736 fathoms, green mud, coral; bottom temperature, 52.8® F.; 2 
specimens. 

Remarks. — ^This species differs from S. psUonoius in having abac^ 
tinal spinelets, 7 instead of 5 spines on the terminal plate, and 
usually 2 or 3 lateral mouth spines instead of 4, although the number 
of 4 sometimes occurs. 

One of the small specimens from station 5491 has the stomach 
full of mud. There is also a relatively large Dendrogaster parasitic 
in the coelomic cavity. 

SmONASTEB PSILONOTCS VMmt. 

Plate 1, figs. 2, 8; plate 7, fig. 2. 
Sidonaster psOonotus Fishes, 1913a, p. 600. 

Diagnosis. — ^Rays 5. R=22 mm.; r=ll mm.; R=2 r; breadth of 
ray at distal edge of cribriform organ, 7 mm. ; width of cribriform 
organ 6.5 mm. ; height interradially, 4 mm. Differing from ^S^. vaneyi 
and S. hatheri in the almost entire absence of abactinal spinelets. 
Adambulacral spinules 2; mouth spinules, 1 unpaired and 4 mar- 
ginal ; terminal plate with 5 spinules. 

Description. — The rays are only slightly tapered and have a 
blunt extremity capped by a prominent spiniferous terminal plate. 
Marginal plates forming a prominent beveled or sloping border to 
abactinal surface. Abactinal integument on rays slightly and on 
disks markedly sunken below upper edge of marginal plates, and 
devoid of spinelets except for about 20 to 24, scattered close to each 
cribriform organ, and not extending distally beyond the edge of 
this organ. Spinelets about as long as those on surface of cribriform 
organ. Papulae numerous, prominent, and occupying a pentagonal 
area, the comers of which touch the middle of each cribriform organ. 
They do not therefore extend onto the rays. There is a prominent 
apical prolongation of the integument in center of disk, but the 
papulae do not extend upon it. The abactinal integument contains 
spaced, microscopic, perforated calcareous plates, roundish or irregu- 
lar in outline, sometimes with a few short spines on the periphery. 
These plates resemble end plates in the pedicels of holothurians, and 
seem to consist of one layer of reticulum except that the center is 
often slightly thickened. Madreporic body large, touching cribri- 

13434— BulL 100—19 i 
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form organ, convex and traversed by coarse ridges radiating froni 
a point between the center and adcentral edge. A few spinelets sur- 
round it. 

Marginal plates thin, the superomarginals the higher. Second 
superomarginal about as long as high, but the succeeding four are 
longer than high, and the seventh or last about as long as high. Each 
bears on the upper distal comer a slender, prominent, sharp spinule 
usually bent transversely across the smooth abactinal integument. 
The second plate has a shorter companion spinule. The longest 
spinule (2 mm.) is on the fifth plate. 

Inferomarginal plates conspicuously lower than superomarginals 
and hence proportionately longer than high. Second plate corre- 
sponding to second superomarginal is shorter than the rest. These 
plates do not encroach upon actinal surface. No spines. 

Cribriform organs very prominent, wider than high, with slightly 
convex upper border, and leaving only a very narrow bare area on 
distal edge of the plates. The organs comprise therefore practically 
all the surface of each interradial pair of supero- and inferomarginal 
plates. The spinelets are blunt, slender, very uniform in size, and 
arranged in vertical series. Those of the first or marginal vertical 
series are webbed. No others are. 

Terminal plate prominent, crescentiform, the rounded sides cover- 
ing the edges of the last marginals. There are 6 terminal, promi- 
nent, sharp spinules; 3 of these form a triangle in the end of 
plate, surroimding the terminal papilla, and one stands laterally on 
the upper edge of plate. 

Adambulacral plates longer than wide and with a concave margin. 
Each plate bears at the adoral end 2 sharp marginal spinules some- 
times slightly curved and compressed at base, these occupying about 
half the furrow margin of each plate. 

Mouth plates very prominent actinally, the free surface sloping 
steeply to median suture, which is wide and lanceolate in form. Each 
pair of plates bears an unpaired spine at the inner angle where the 
2 plates join, and widely spaced from this, 4 tapering, sharp, 
marginal spines are borne on the concave margin opposite the first 
tube foot. 

Actinal intermediate areas moderate, the plates loosely joined in 
irregular interradial columns. Six to 8 of the plates on either 
side of the double interradial series bear a single spinelet similar to 
those of cribriform organ. 

Tube feet large, without calcareous particles in the walls. Dorsal 
wall of the stomach with numerous simple, straight, rather large 
microscopic rods, with occasional irregular and Y-shaped ones. The 
length of these rods varies about as the diameter of the plates in the 
dorsal integument. 
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Type.—CBt. Na 80504, U.S.N3L 

Type-loealUy^—JJjiknown. 

Semarks. — ^It is unfortunate that this new form should be without 
locality It differs from ^S^. vaneyi in lacking abactinal spinelets, in 
jiaving 5 instead of 7 terminal spines, in the spinulation of the 
actinal interradial areas, and in having constantly 4 (instead of 2, 
3, or rarely 4) mouth spines. It differs from S. batheri in lacking 
abactinal spinelets, and in having 5 instead of 7 terminal spines. 

Genus BENTHOGENIA Fisher. 

Benthogenia Fishes, 1911c, p. 415. Type, B. crihelloaa Fisher. 

Diagnosis. — ^Related to Hyphcdaster Sladen and Thoracaater Sla- 
den, but differing in having cribriform organs between all the mar- 
ginals, in having the dorsal surface of distal half of ray one continu- 
ous cribriform organ, and in having the cribriform organs of inter- 
brachium merged into one. Distal superomarginals spiniferous; ter- 
minal plate large, spiniferous, dorsal in position. No odd interradial 
marginal. Superomarginals increasing in size very gradually to the 
axth, which is considerably larger than the rest and meets its fellow 
in median line of ray; beyond this point all superomarginals in con- 
tact. Cribriform organs 29 or 30, the distal ones rudimentary and the 

11 of the interbrachium merged into one (as far as middle of sixth 
snperomarginal) ; structure papilliform. Adambulacral plates with a 
nmnerous furrow series and numerous smaller spinelets on surface. 
Actinal interradial areas extensive, covered with small spaced spine- 
kls. Intermediate plates extend nearly to end of ray. Abactinal 
paxillae large, crowded. 

BENTHOGENU CRIBELLOSA Flaher. 

Plate 1| fig. 1 ; plate 2, fig. 1 ; plate 8, figs. 2, 2a^. 
BeiUhogenia oribeUosa Fishkb, 1911, p. 41S. 

Description. — ^Bays 6. B=78 mm., r=about 30 mm., R=about 
2.6 r; breadth of ray at base, about 34 mm., at sixth superomarginal, 

12 mm. Over half of ray formed by superomarginals which meet in 
median line. Superomarginals massive, increasing in size from the 
first to sixth, which is decidedly larger than the rest and meets its 
feDow on dorsal median line; next 6 plates decreasing slightly in 
width, but increasing in height as far as terminal plate. Each is 
higher than wide, and bears on the rounded dorsolateral angle a 
stubby conical spine; final 3 or 4 plates decreasing rapidly in size and 
covered by the big, elliptical, very convex spiniferous terminal plate, 
margined by a fimbriate channd. Inferomarginals lower than su- 
peromarginals and beyond the sixth plate not corresponding to them, 
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but near tip of ray alternating, there being one more in the seim 
Each inferomarginal has a low tubercle corresponding to the supeio- 
marginal spine. Viewed from side, both series increase in height 
from interradius to the sixth plate; thence the superomarginals in- 
crease slightly in height up to the terminal plate, while the infero- 
marginals decrease. Beyond the sixth plate the inf eromarginals do 
not encroach upon the actinal surface. The horizontal suture be- 
tween the two series is not deep. The free surface of the plates is 
covered with minute bosses. 

Terminal plate very convex, large, elliptical, and wholly dorsal 
in position, as it lies over the last three superomarginal plates. Judg- 
ing from the scars of the spines, there are 4 terminal spines placed 
symmetrically, 2 on either side, and on the narrow summit of the 
plate, behind these, a series of 3 spines, making 7 in.alL 

Cribriform organs spiniform and in the interbrachial arc, continu- 
ous without a break as far as the middle of the sixth or enlarged 
superomarginals, except for a slight wedge-shaped area in the middle 
of the lower edge of each inferomarginal. In each interbrachium 11 
fused cribriform organs, the odd one over the median interradial 
suture. The sixth supero- and inferomarginals have a median ver- 
tical bare space about as wide as the adjacent cribriform organSy 
which from here on rapidly narrow, and from the twelfth plate on 
may be said to be rudimentary. These separated cribriform organs 
extend upon the dorsal surface of ray and fuse with those of oppo- 
site side so that the whole area from the limit of paxillae to terminal 
plate and between the two dorsal rows of spines is a thick continuous 
mat of spinelets, absolutely identical with the lateral cribriform 
organs, and a fimbriate channel leads on either side from this area 
along the lower edge of the terminal plate. The total number of 
lateral organs is : Kays 9+9+interbrachium 11=29. This varies to 80, 
as some rays have an additional small one at tip. The distal organs 
are of course rudimentary. The delicate mostly terete spinelets end 
in a blunt or even capitate fleshy tip (the calcareous part being 
truncate denticulate). They are very close-set, in regular quincunx, 
and decrease in length distad, markedly beyond the sixth marginal. 
The spinelets of the vertical marginal series, in the separated organs 
are flattened and united by a continuous web; all other spinelets free 
and independent. 

Paxillar areas with a stellato-penatagonal contour and comprising 
the disk and proximal third of ray. Paxillae large, fairly high, 
crowded, those on rays largest, decreasing in size toward center of 
disk. The larger paxillae have 15 to 20 peripheral and 5 to 15 central 
spinelets, cylindrical and slightly knobbed at tip, and one-third to 
one-half as long as shaft of paxilla, which is variable in thickness but 
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elliptical in section. The bases of paxillae are also elliptical, slightly 
spaced, and independent. Papulae about 8 surrounding a plate; 
absent from a narrow midradial area. 

Adambnlacral plates longer than wide with 7 or 8 compressed, 
basally webbed furrow spines on a curved margin, and on surface of 
plate 10 to 12 much shorter spinelets, similar to the actinal intermedi- 
ates, in about two series. Furrow very narrow. 

Mouth plates prominent and with wide suture. Marginal spines 
12, the innermost abruptly enlarged into a flattened conspicuous 
lanceolate tooth, the others subsimilar to adambulacrals. Suborals 
about 15 to a plate, in two series, small except inner two, which form 
a series just back of the teeth. 

Actinal intermediate areas extensive, the plates slightly imbricated 
with rounded margin toward center. The rather triangular, broad, 
interradial area has its outer angle about at the sixth marginals, 
whence the plates extend in a narrow and tapering band to within 
about 4 inferomarginals of end. Plates beset with spaced, short, 
more or less clavate spinelets, increasing in length toward margin. 
A plate near center of area has 6 to 10, sometimes as many as 12, 
spinelets. Others near periphery have 5 or 6. 

Madreporic body situated a little more than its own diameter from 
margin, traversed by striae proceeding from a point near the adeen- 
tral margin, and bearing many little blunt spiniform protuberances 
resembling the tips of paxillar spinelets. 

Yowig, — ^There are 8 young specimens from station 5425, 2 of 
which were recovered from the stomach of Prionaater gracilis. I am 
not at all sure that these belong to this species. They are young 
of BenthogemOy although some of the generic characters are not yet 
full-fledged. The smallest of the three has R 5.5 mm. and 4 marginal 
plates to the ray in each series; the largest has R 12 mm., and 10 
superomarginals, which, from the sixth on meet their neighbors along 
the midradial line, as in the adult A few notes on the latter specimen 
are appended. 

Rays short, less pronounced than in adult, abactinal paxillae with 
4 or 5 spinelets, and a little more uniform in size than in type. Mar- 
gin of rays and disk Vounded, the sixth superomarginal not enlarged. 
Terminal plate large, but ovoid, and as broad as long, with only 4 
spines, 3 terminal, and 1 dorsal. Cribriform organs not confluent 
in the interbrachium, but with a bare space as wide or slightly wider 
than adjacent organs on each plate. Spinelets relatively large, and 
in the median interbrachial organ in 6 vertical series, with 6 to 8 in 
each series. The 2 marginal vertical series of each organ webbed. 
Beyond fifth marginal the organs are reduced to simple fimbriate 
channels. The median radial cribriform organ so characteristic of 



Digitized by LjOOQ IC 



42 BULLETIN 100^ UNITED STATfiS NATIONAL 1CUBEX7M. 

the adult is indicated only in a fimbriate channel between the 2 
series of superomarginal plates. One or 2 superomarginals have 
a special dorsal spine. 

The epiproctal peduncle is prominent, and there is certainly a tiny 
pore at the summit. Whether this is confined to immature life can 
not be determined. 

Actinal intermediate areas with well-spaced, small spinelets, 
Adambulacral plates longer than wide with a palmate series of 5 
flattened pointed furrow spinelets disposed along the obtusely angu- 
lar margin, and basally webbed. Subambulacral spinelets, small, 1 
or 2, or absent. Mouth plates with 8 marginal spindets; suborals 
few, rudimentary. 

These young specimens resemble the genus Hyphalaster^ more es- 
pecially H. KydJmm Sladen. They differ from this genus, however, 
in having cribriform organs between all the marginals. Hence the 
number of organs is determined by the number of marginals. It is 
important to note that a certain strongly marked character of the 
adult, and one which is believed to be generic, is only partly de- 
veloped in these immature examples. I refer here to the peculiar 
distribution of the cribriform organs, which in the interbrachium 
are fused into one in the adult, and also occupy the dorsal radial 
area of the distal portion of ray. In the adult the terminal plate is 
entirely dorsal to the superomarginals but in the young only the 
proximal half overlies the distal superomarginals. 

With only the young specimens, it would not be possible to cor- 
rectly diagnose the genus Benthogema. Since several species of 
Porcellanaater have been named from very immature tjrpes, it is 
probable that the adults will be difficult to identify correctly. 

Type.—CBt. No. 28655, U.S.N.M. 

Type-locality. — Station 5613, Iligan Bay, northern Mindanao, lat. 
8^ 16' 45'' N.; long. 124^ 02' 48" E.; 505 fathoms, bottom temper- 
ature 52.8° F., gray mud and fine sand. 

Distribution. — Mindanao Sea and Sulu Sea, Philippine Islands. 

Specimens examined. — The type, and three immature from sta- 
tion 5425, Sulu Sea, near Cagayanes Islands, 495 fathoms, gray mud, 
coral sand, bottom temperature 49.4° F. 

Remarks. — ^As indicated in the diagnosis, the genus Benthogerda 
is distinguished by the possession of an indefinite number of cribri- 
form organs, these being present between all the marginals, by the 
fusing of the cribriform organs of the interbrachium, by the presence 
of a curious dorsal cribriform organ on the surface of those supero- 
marginals which unite in the median line of ray, and by an entirely 
dorsal spiniferous prominent terminal plate. The genus probably 
stands nearest Hyphalaster^ although resembling Thoracaster in the 
abundance of actinal intermediate spinelets. The structure of the 



Digitized by LjOOQ IC 



STARFISHES OF THE PHILIPPINE SBAB. 43 

adambulacral, mouthy marginal and terminal plates is near that of 
Ilyphdlaster, Benthogenia might be described as a Eyphalaster 
having cribriform organs between all the marginals, and a dorsal 
cribriform organ on the distal portion of ray. The last, I believe, is 
not found in any other genus, nor does any genus of the Porcellanas- 
teridae have cribriform organs of an indefinite and large number. 
The genus Lyaaater Bell ^, the type of which I have had the privi- 
lege of examining, seems to me to be a near relative of Thora- 
caster. The actinal intermediate plates have numerous short, sharp 
spines, and the adambulacral plates 4 sharp furrow and about 8 
shorter sharp subambulacral spines- There are 7 cribriform organs 
to each interradius, which extend ventrally nearly or quite to the 
iimer edge of the inferomarginals, the intermediate bare area being 
equal to the width of the organ. There are no cribriform organs on 
the ray, the most distal one being on the adoral margin of the first 
superomarginals that meet medially. There are 10 or 11 supero- 
marginals and the large terminal plate, overlying the 2 last supero- 
marginals of each series, has 8 large spines. On each series of su- 
peromarginals of the ray only are 1 or 2, usually 2, stout dorsal 
acute spines — ^thus 8 or 4 to a ray. The paxillae are astropec- 
tinoid, well developed, and the madreporic body is close to the 
margin, exposed, and a little broader than width of exposed portion 
of superomarginal. 

Family GONIOPECTINIDAE Verrill, emended. 

QcniopecHnidae Vebbill, 18S9, p. 218.— Fisher, IQlld, pp. 17, 22; 1916a, 
p. 2. 

Diagnosis. — Specialized fascioles or cribriform organs between 
all the marginal plates; actinal plates in double transverse series, 
there being betweeh every pair a specialized f asciolar channel, roofed 
by webbed spineleta, leading from the marginal fascioles to the 
furrow; ampullae single; superambulacral plates present; abactinal 
skeleton astropectinoid. 

Remarks. — In Asteroidea of the North Pacific and Adjacent 
Waters (Fisher, 1911^, p. 19) the family Goniopectinidae, proposed 
by Prof. A. E. Verrill, was said to differ from the Porcellanasteridae 
in having double ampullae connected with the tube feet, and in hav- 
ing an intestine and intestinal coeciun. The component genera of the 
Goniopectinidae, Goniopecten and Prionaster^ bear the closest resem- 
blance to Ctenodiscus which has always heretofore been regarded 
as one of the Porcellanasteridae. This lesemblance results from 
the fflmilar characteristic biserial arrangement of the skin-covered 

^ Beport on the Bchinoderma collected by Mr. J. Stanley Gardiner In the Western Parts 
of the Indian Ocean. Trans. Linn. Soc. London, ser. 2, vol. 18, Zoology, October, 1900, 
p. 21, pi. 3, Lff9a9ter lorioli. By a lapsus Professor Bell placed this genus in the 
Goaitsteridae. The plate shows its cribriform organs and Porcellanasterid habit 
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actinal plates with the intervening fasciolar channels, the similar 
structure of the marginals, between which are cribriform organs, 
and the similar form and armature of the adambulacral and mouth 
plates. 

All species of Ganiopecten and Prionaster^ however, have single 
ampullae, thus eliminating the principal supposed difference between 
these genera and Ctenodiacua. What I formerly regarded as the 
lower lobe of the ampulla in Prionaster proves to be only a swelling 
probably due to the extreme contraction of the muscular vesicles. If 
the swelling has any significance at all, it is the merest rudiment of 
a ventral lobe and the ampullae are to be regarded as single. This 
fact seems to make it advisable to unite the three genera in a single 
family which would be separated from the Porcellanasteridae proper 
by the presence of cribiform organs between all the marginals,^ by 
the actinal fascioles, and by the presence of superambulacral plates. 
Although an apical pore niay be present in Ctev^discuSj I have also 
dissected specimens in which I could find no trace of an opening, 
nor of a tubular connection between the stomach and the '^ epiproctal 
cone." In the middle of the dorsal side of the stomach there is 
a roundish lobe of small size which may represent the degenerated 
rudiment of a coecum. Prionaster elegans^ on the other hand, has 
a fairly large, butterfly-shaped coecum, connected with the apical 
pore by a definite tubule. P. megaloplax has a conspicuous ^'anal^ 
aperture. This difference between Prionaster and Ctenodiscus must 
be weighted against the important conmion characters mentioned 
above, and stated in the diagnosis of the family. On account of its 
more Porcellanasterid characters Ctenodiscus may well come first 
in the family. Presumably Pectinidisctis belongs here also, parallel- 
ing the characters of Prionaster. 

Subfamily Gtenodiscinae Sladen. 

Diagnosis. — ^Marginal cribriform organs consisting of superim- 
posed transverse webbed combs of spinelets ; intestinal coecum obso- 
lete ; no intestine. 

Genus CTENODISCUS MuUer and TroscheL 

Ctenodiscus MI^lleb and Tboschel, 1842, p. 76. Type, Aaterias crispata 
Retzlus. 

CTENODISCUS ORIBNTAUS Fbhw. 

Plate 2, figs. 2-4; plate 7, figs. 1, la-«. 
Ctenodiscus orienialis Fishes, 1913a, p. 601. 

Diagnosis. — DiflFers from Ctenodiscus crispatus in having longer 
and relatively much slenderer rays, on which the paxillar area is 

1 An exception In Benthogenia, 
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very narrow; constantly very small pazillae; much more numerous 
maif^al plates; lower inferomarginals, of wluch the whole exposed 
surface is confined to lateral surface of ray; very delicate and not at 
all flattened fasdole spinelets; smaller and more numerous actinal 
plates in each corresponding double series; differently shaped and 
more angular adambulacral plates, with a different armature; 
madreporic plate with finer and more numerous ridges. B=52 mm., 
r=14 muL, B=8.7 r; breadth of ray at middle of B, about 10 mm. 
(An unusually slender rayed crispatua from Japan: B=2.8 r; 
breadth of ray at middle of B, 14 mm.) 

Description. — ^Bays constantly long and slender with wide, rounded 
interbrachia; disk moderate. Paxillar area narrow on rays, being 
about equal at the middle to height of combined marginal plates. 
Paxillae small, delicate, with upward of 10 slender equal terete spine- 
lets on the largest, 4 or 5 on the smaller. A prominent slender cone 
present on center of disk, on which the plates are smaller than 
elsewhere. 

Marginal plates numerous (26 or 27 to a ray in each series), the 
saperomarginals prozimally higher than inferomarginals, distally 
sabequaL Fascioles deep between superomarginals, very shallow be- 
tween inferomarginals, the spinelets supporting the membrane being 
delicate and slender, and relative to height of plate, longer than in 
cTispatus. The superomarginals are lower in arientdUs than in cm- 
patus^ the height being equal to about the length of one and a half 
plates in the interbrachium (two in criapatua), while far along ray 
both series are square (higher than wide in crispatua). The infero- 
marginals are conspicuously lower than in criapatua^ the exposed 
surface being confined to lateral wall of ray, while in criapatua they 
encroach markedly upon the actinal area. About 8 to 10 fasciolar 
spinelets in total width of an interbrachial inferomarginal, about 
12 to a superomarginal (req>ectively about 14, and 12 to 14 in cria- 
patua). The specialized marginal spines slenderer than in criapatua 
and the inferomarginal series sometimes absent except on outer part 
of ray. The inferomarginal spines have a hyaline tip and are slen- 
derer and shorter than the superomarginaL Each series occupies the 
same relative position (m plate as in criapatua. 

Actinal interradial areas smaller than in normal criapatua. The 
plates being smaller, usually more numerous, and the fasciolar spine- 
lets more delicate. In either double series nearest the interradial line 
there are 16 to 23 plates (8 to 12 in a single series). In criapatua^ 
16 plates is usually the maximum number. 

Adambulacral plates with the aboral half of the furrow margin 
excavated to receive the tube foot, the adoral half being prominent 
and angular with three tapering sharp spinules, the median the long- 
est) proximally equaling width of plate, distally exceeding width. 
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One or two smaller spinelets continue the furrow series along the 
concave portion of margin, and directly behind these on the surface 
of plate is a conical hyaline spinelet, stouter and shorter than the 
furrow spinelets, except on the first five or eix plates, as the subambu- 
lacral becomes smaller from the fifth plate toward the mouth, and is 
more delicate than the furrow series. 

Mouth plates with 4 or 6 marginal, and 5 to 8 suboral, 8pinelet& 

Superambulacral plates present, small, the first plate occurring on 
the fourth ambulacral ossicle (on the third in crispatw). 

Type.—CBt. No. 80606, U.S.N.M. 

Type-locality^ — Station 6628, between Siquijor and Bohol Islands, 
Philippines, ^9 fathoms, globigerina ooze, bottom temperature 
68.8^ F. 

Distribution. — ^From the east coast of Luzon to Borneo and Celebes, 
889 to 742 fathoms, on globigerina ooze and mud. 

Specimens examined. — ^Thirty-three. 

Specimens of Ctenodiscua orientalis examined. 
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Subfamily Goniopbotininae Fisher, 

Ooniopectininae Fisheb, 1916a, p. 2. 

Diagnosis. — ^Marginal cribriform organs consisting of discrete 
spinelets covered by a single webbed series on the transverse margin 
of the plate; well-developed intestinal coecum, intestine, and apiojJ 
pore. 

KBT TO THB KNOWN GENERA OV QONXOPBCTXNINAB. 

a\ No odd interradial marginal plate ; a fimbriate chaimel leading from outtf 
end of mouth plates to the median interradial cribriform organ. 

Goniopecten Perrier. 
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<*. An odd interradial margtnal in both series ; a doable column of actlnal inter- 
mediate plates replacing the interradial fasdole, and meeting the odd 
marginal Prianaater VerrllL 

Gtstaam 60NI0PBCTEN Peirier. 

Ooniopeden Pkbbieb, 1881, p. 24. Type, G. demonstrana Perrier. 
GONIOPBCTEN A8IATICU8 VUkmr. 

Plate 4, fig. 1 ; plate 6, te- 2 ; jdate 7, figs. 8» 8»-o; plate 8» figs. 1, l<k 
Chmiopecten oHatiew Fibheb, 1913a» p. 601. 

Diagno9u. — ^DifFering from O. demonstranB Perrier in having a 
complete series of spines on both sopero- and inf eromarginal plates, 
and open cribriform organs between the proximal marginals. B=185 
mm., r=27 mm., R=:5 r; breadth of ray at base, 81 mm. Disk mod- 
erate; rays long, stout, with vertical sides. Marginal plates mas- 
sive, with faaciolar grooves containing cribriform organs, those prox- 
imally being open as in Porcellanasteridae. PaxiUae large, crowded, 
with upward of 60 short, subeqnal spinelrts on rather high tabula. 
Adambulacral plates with 6 to 10 furrow spines, the adoral con- 
qnenoudy enlarged on the proximal plates; also with 1 or 2 promi- 
nnt snbunbnlacral spines distally, 6 to 8 proximally. 

Deicriftion. — The abactinal paxillae are close-set, frequently in 
eontact, flat-topped, and rather large. The largest are on the proxi- 
mal radial areas, decreasing in size toward center of disk and along 
nys, and from the radial line toward margin of area. On outer 
fifth of ray tiie superomarginals are in contact medially. The paxil- 
lae are arranged in not at all regular, oblique, series extending from 
die narrow median radial area, where they are not in regular order, 
to marginal plates, about 7 of these ill-defined rows corresponding 
to 2 superomarginal plates at base of ray. The bases of the median 
radial paxillae are broadly elliptical ; those of the dorsolateral areas 
are subcircular or poorly defined hexagons and pentagons. Neither 
sort are very regular, and the plates are separated usually by a slight 
interspace. The plates have a high shaft or tabulum, slightly nar- 
rowed at the summit and often variously compressed or with 3 to 5 
unequal sides, rather than a circular cross-section. The spinelets are 
very much shorter than the tabulum and commonly stand upright, 
forming a compact elliptical, or three to five-sided group of 40 to 
W (on the larger paxillae) . The spinelets are cylindrical, membrane- 
invested, and the tip is rounded or often knobbed with membrane, 
while the p^pheral series has an inconspicuous web at the base. 
When the spinelets radiate apart the paxilla is roundish. Far along 
the ray there are 10 to 15 spinelets on the dorsolateral paxillae, and 
upward of 40 on the median radial. 

Papulae absent from median radial line; elsewhere usually in 
axes about each plate. 
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Superomarginal plates ^ to a ray, the last 10 or 11 on each ade 
of a ray in contact medially, and not corresponding plate to plate, 
but sometimes alternating. Beyond the interbrachial arcs the plat« 
encroach more and more upon the abactinal area as the extremity 
of ray is approached, so that from being proximally higher than 
wide they become wider than high. The general surface of the 
plate is covered with smooth skin and each bears on the rounded 
angle between the dorsal and lateral face a short, sharp, slightly 
compressed, conical spine. A similar spine occurs in a correspond- 
ing position on each inf eromarginal. Proximally the vertical fas- 
ciolar grooves (continuous between both supero- and inferomarginal 
plates) are wider than the elevated ridge separating them, but be- 
come narrower toward the end of the ray. The margin of ihc ele- 
vated ridge is provided with a series of numerous delicate s^pindets 
entirely immersed in a web, which continues uninterrupted to the 
adambulacral plates, roofing over the channels between the conseca- 
tive double series of actinal intermediate plates. Tl\c grooves be- 
tween the marginal plates are closely packed with delicate spinelets 
in quincunx, these being visible at base of ray, and forming s])ecial- 
ized cribriform organs wider than the naked ridge separating suc- 
cessive grooves. But these cribriform organs, along with the groove 
containing them, become narrower and narrower toward the end of 
ray, and beyond the midde of ray are entirely roofed over by the 
peripheral web. The cribriform organs are slightly wider at the 
top than at the lower end, and contain about 16 vertical rows of on- 
webbed spinelets. On the inferomarginal series, the organ, which is 
absolutely the same and continuous with that of the superomarginti, 
narrows quickly and ends at the ventrolateral angle of the nj. 
Proceeding along the ray the organs become closed over by the 
peripheral roofing web somewhat sooner than do the superomarginal 
fascioles. The exposed surface of the cribriform organs forms a 
shallow V-shaped channel paved by the tips of the spinelets. 

The lateral face of the inferomarginal (between the ventrolateral 
spine and dorsal suture) is proximally about two-thirds as high as 
that of the corresponding superomarginal, but beyond basal third of 
ray becomes nearly or quite equal. There is a slight depression 
marking the suture between the two series of marginals, but no 
f asciole, the membrane being continuous. The actinal sur&ce of 
inferomarginals is proximally slightly wider than high and sub- 
equal distally. The cribriform organs end abruptly at the ventro- 
lateral angle, the channels between that point and the furrow being 
shallow, and covered by the webbed spinelets only. Terminal plate 
broadly obovoid, depressed, with sometimes a spine on ventrolateral 
comer. 
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The actinal intermediate plates extend to the eighteenth inf ero- 
marginal, or somewhat less than half the length of ray, but beyond 
the fifth inferomarginal there is only a single series, largely ob- 
scared by membrane. The first double row of plates extends from 
the first inferomarginal to a mouth plate, and touches also the first 
SL5 or 8 adambulacrals; these two series contain 7 and 6 plates, re- 
qieetively. The second double series, with 5 and 4 plates, corre- 
sponds to part of the third, the fourth, and half the fifth adambu- 
lacrals, or to the third and fourth only. The third double series has 
8 plates in each row, and the fourth and fifth double series have 2 
plates in each row. In addition to the flattened, rather broad, deli- 
cate spinelets supporting the marginal web, some of the plates have 
1 or 2 inconspicuous spinelets largely obscured by membrane. 

The adambulacral plates have an angular fiu*row margin. The 
facet or side toward the mouth is shorter on the first 10 or 12 plates 
than the other facet. The first 4 or 5 plates appear as if the furrow 
margin were oblique, as the short adoral facet is wholly occupied by 
an enlarged furrow spine. The first plate is compressed. The fur- 
row spines increase from 6 on the first plate to 9 or 10 far along the 
ray. Proximally, the adoral spine of the series is much enlarged, 
the others being graduated in length to the end of the series, the last 
bemg short. Beyond the sixth or seventh plate the enlarged spine 
decreases in relative size, and gradually moves toward the center of 
the group. The spines form a palmate radiate group, are stout, 
webbed basally, and have a little knob of tissue on the tip. The first 
7 or 8 plates have 6 to 8 stubby spinelets on the margin, more or less 
involved in the web. These become smaller distally, except 1 or 2, 
which stand on the aboral margin, and become slightly larger and 
more pointed. The first 6 or 7 plates have a fasciolar groove adja- 
cent to actinal intermediate plates, but beyond this point the mem- 
brane is continuous. 

Mouth plates prominent, the combined pair being narrowly trun- 
cate-elliptical. That part of the margin bordering on the furrow has 

6 or 7 slender spines, followed on the inner end of plates by 2 heavier, 
longer, blunt spines (shorter than enlarged adambulacral spine). 
These are placed higher (or nearer the median suture) and merge 
into a series of 7 or 8 similar spines along the median suture. Six or 

7 other spines of about the same length, but slenderer, form an angu- 
lar series on surface of plate above the small furrow series, and 
thence along the border of suture adjacent to first adambulacral. 

Madreporic body convex, with five striae, situated 1.5 times its own 
diameter from marginal plates. It is as wide as the length* of first 2 
saperomarginals. Ampullae single. 
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Type.— Cfit No. 80606, U.S.N.M. 

Type'locality.— Station 5121, east coast of Mindoro (lat. 18^ 27' 20" 
N.; long. 121'' 17' 45'' E.), 108 fathoms, dark green mud; 1 speci- 
men. 

Distribution. — ^Known only from the type-locality. 

Remarks. — ^This species differs from O. demonstrans Perrier in 
having, proximally, more open cribriform organs, in having a row 
of spinelets on both series of marginal plates, larger pazillae, sopero- 
marginals in contact distally, and a different adambulacral armature. 

Genus PRIONASTER VerrilL 
Prinnaater Visbhx, 1800, p. 215. 

KBT TO TBB KNOWN 8PBCIB8 OF PEIONASnB. 

a \ A specialized or enlarged spine on the distal transverse border of the adam- 
bulacral plates beyond proximal third of ray ; Inf eromarglnal i^lnes, ynSi 
developed and present on all the plates ; Interbrachlal cribriform organs 
more or less open. 
h \ Superomarginal spine conspicuous and present on all the plates ; pazillae 
small. 
c\ R==not more than 6 r; distal superomarglnals apparently In contact 
medially; madreporlc body small with transverse striae; cribriform 
organs only slightly open, In Interbrachlum ; odd Interradlal double 
series of actinal Intermediate plates narrow at inner end, the series 
not wedge-shaped ; first adambulacral perceptibly compressed ; 10 or 

11 furrow spinelets analogus, p. 50. 

c\ R— more than 6 r; distal superomarglnals not in contact medially; 
madreporlc body large with radiating striae ; cribriform organs open ; 
odd Interradlal double series of actinal Intermediate plates wide at 
Inner end, the combined series wedge-shaped ; first adambulacral not 

compressed ; 12 or 13 furrow spinelets gracilis, p. 55. 

b '. Supermarginal spine absent or very small, and present on only a part of 
the plates ; paxlllae very large ; madreporlc body large with radiating 
striae ; cribriform organs moderately open ; pazlllar area reaching ter 

mlnal plate megaJoplax, p. 5S. 

a\ No enlarged spine on distal transverse border of adambulacral plates; in- 
f eromarglnal spines small and sometimes absent from first few plates; 
Interbrachlal fasdoles closed, the combs meeting In the middle of the 
f adole ; paxlllae at base of ray with 7 or 8 central and 15 to 17 peripheral 
spinelets ; 12 furrow spines ; actinal surface of inferomarginals minutely 
bossed under the skin elegant. 



PSIONASTSB ANALOGUS J 

Plate 8, fig. 1; plate 4, fig. 2; plate 6, fig. 2; plate 8, fig. 8, Sor-o. 
Prionaster analogue Fishsb, 1013a p. 002. 

Diagnosis. — Superficially resembling Ooniopecten asiaticus, but 
with smaller paxillae. Differing from P. elegcms Verrill in having 
smaller and less compactly placed paxillae, an enlarged spine on 
the distal transverse border of plate, slightly open cribriform organs 
in interbrachium, and no minute bosses on the actinal surface of the 
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inf eromarginal plates. Bays 5. R = 105 mm., r = 23 mm., r = 4.6 r ; 
breadth of ray at base, 24 mm. ; at eighth mf eromarginal, 12 mm. 
Bays lonjg, slender, tapering abruptly at base, then scarcely at all 
until near the end ; rays roughly rectangular in section (about half 
as wide as high), the four angles abruptly rounded; disk moderate; 
interbrachial arcs wide and open. Paxillae rather small; madreporic 
body medium sized; furrow spines, 10 or 11, and beyond base of ray, 
a subambulacral spine which is slightly larger than inferomarginal 
spine. 

Description. — ^Paxillar area narrow on outer two-thirds of ray, 
and almost obliterated for the length of the distal 10 or 11 supero- 
marginals, which very nearly touch medially. Paxillae small, rather 
dose-set, arranged in slightly oblique transverse rows on either side 
of the radial line, where the plates are not more crowded. Some- 
times the rows can be traced completely across the ray. About 9 of 
them correspond to 2 superomarginals Jit the base of ray. The 
abactinal plates are broadly elliptical to subcircular or faintly hexa- 
gonal, and are not in contact. Those in the interradii are largest. 
The tabulum or stalk of the paxilla is relatively high, has much the 
same shape in section as the base (although often more compressed 
or with several sides) and is crowned by a group of short, terete, 
knobbed spinelets of which 6 to 9 ordinarily form the radiating 
basally webbed peripheral series and 1 to 8 or none occupy center 
of group. Belatively few large paxillae have 20 peripheral and 8 
to 10 central spineleta Papulae in sixes about each plate; absent 
from midradial line, and a stellate area on center of disk. 

Marginal plates exactly correspond. Superomarginals (40 to a 
lay) are higher than inferomarginals except on outer part of ray 
where they are subequal, and where the former are wider than high. 
The last 15 or 16 marginals (of both series) have a few low granu- 
liform prominences on the dorsal and ventral surfaces, these en- 
croaching upon lateral surface also near the end of ray. Each plate 
of both series bears on the lateral rounded angle and aboral edge a 
stout, short, sharp, conical spine, sometimes somewhat curved and 
with a clear tip. The spinelets supporting marginal web are deli- 
cate, close together, and in the interbrachial arc are longer than the 
bare exposed ridge of the plate. Those of inferomarginals are not 
different from the superomarginal spinelets. The webs nearly meet 
across the cribriform organs, the spinelets of which can be seen 
between the edges of the webs. Farther along the ray the webs 
entirely cover the spinelets beneath. In the interbrachium the ridge 
between the cribriform organs is narrower than the cribriform or- 
gans themselves, and also narrower than the depth of the V-shaped 
groove containing the organ. The cribriform organs extend from 
the upper end of plate to actinolateral spine, and thence as simple 
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channels covered only by the webs, to the ambulacral furrow. The 
spinelets supporting the webs on actmal surface are much coarser 
than those of lateral surface. Supporting the web along one side of 
an interradial superomarginal are about 80 spinelets, and of the cor- 
responding inferomarginal as far as the spine, about 15. The odd 
interradial plates are just like the others. Terminal plate trianga- 
lar as seen from above, with five short spines on the broad distal 
end. In a young specimen these are relatively much longer and 
protect the terminal tentacle. 

Actinal intermediate plates extend to thirteenth inferomarginal; 
but beyond the fifth there is only a single longitudinal series. Each 
double transverse series corresponds accurately to an inferomarginal, 
that opposite the odd plate meeting the mouth plate and first or first 
and second adambulacrals. There are eight plates in each row of 
the odd interradial duplicate series. Surface of plates smooth, 
covered by thin membrane. There are ordinarily 6 to 7 spinelets on 
the margin of each plate that borders a fimbriated channel. From 
the inner or coelomic side the plates are seen to be strongly imbri- 
cated, the free edge being that toward margin. 

Adambulacral plates with an angular furrow margin, the apex of 
which is nearly in the center of plate beyond middle of R, but moves 
toward the adoral edge of plate as the mouth is approached, until on 
the first 5 or 6 plates the apex is so near the adoral side of plate 
that the free margin is quite oblique, as in Gomopecten, The furrow 
margin bears, on the first (compressed) plate 6 to 8 spines, on the 
rest 10 or 11, basally webbed; they are rather long, close-set, blunt, or 
dully pointed, and the longest spine is on the apex of the angle, the 
rest becoming gradually and markedly shorter toward either end of 
series. The groups tend to meet across the furrow and segregate 
consecutive pairs of tube feet. At the base of ray, about 10 plates 
are free from the actinal plates and bear a marginal series of 6 to 8 
stout spinelets webbed for about half their length. One or 2 of these 
on the aboral edge of plate become gradually enlarged. Beyond the 
tenth plate one outstrips the other, forms a specialized sharp sub- 
ambulacral spine, similar to but slightly larger than the nearest in- 
feromarginal spine. Far along ray the furrow spines decrease rap- 
idly in size, while the subambulacral spine decreases slowly, so that 
there the discrepancy in size between the two is greatest, the subam- 
bulacral being the longer; proximally the reverse is true. 

Mouth plates prominent actinally and very similar to those of 
Goniopecten. The plates are interradially long and narrow. The 
furrow series consists of 8 or 9 small spines, similar to but shorter 
than those of the first adambulacral, there being a slight angle in the 
series near inner end of plate. Two or 3 irregular series of much 
heavier, short, pointed spines occupy the sloping surface of each 
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plate, increasing in size toward the inner end of plate, where one 
forms with its companion a pair of sharp conical teeth, which, how- 
ever, do not belong to the true marginal series. The surface of each 
plate has 15 or 16 spines. 

Madreporic body one and a third its own diameter from marginal 
plates. In diameter it equals the cross diameter of the combined 
mouth plates, or not quite the length of the first two superomarginals. 
It is crossed by striae radiating from an interradial point on the 
adcentral margin. 

Anatomical notes. — ^As the internal organs of this genus have not 
been described, a few notes on their salient characters will be given. 
The stomach is large and simple, filling nearly the whole disk, and 
consists of a single spacious cavity without dorsal and ventral divi- 
sions. The general contour is roundish, but is subdivided into 5 broad 
shallow radial lobes, from each of which proceed directly 2 short 
olive-green hepatic coeca, scarcely equaling in length the minor 
radius. The 10 hepatic coeca are about equidistantly spaced on the 
periphery of stomach. On each side of the ambulacral ridge 2 strong 
muscular and tendinous bands, one arising from the first and second, 
and the other from the third ambulacral ossicle pass upward and 
spread out on the stomach, on each side of the ba^e of a hepatic 
coecum. On the middle of the dorsal surface of stomach and con- 
nected with it by a small aperture is a small three-lobed intestinal 
coecum, from the dorsal side of which a very short intestine leads 
upward and opens by an almost microscopic pore. If this aperture 
is functional it must be simply an exit for products of the intestinal 
coecum. 

Interbrachial septa wholly membranous. Gonads opening near 
marginal plates about 5 nun. on either side of septum. There are 
altogether 10 bunches, and they do not extend along ray. Polian 
Tesicle in each interradius except that of madreporic canal, where 
there are 2. Ampullae single ; tube feet pointed. First ambulacral 
plate enlarged and considerably thicker than those following, and 
the lower end is Y-shaped instead of spatulate. The proximal limb 
of the Y is much shorter than the other, and between the two is the 
first ampulla. The odontophore has two lobes toward the mouth and 
a single very much broader lobe between the lower ends of two 
neighboring ambulacral ossicles. The whole surface is entirely free. 
Superambulacral ossicles present but small at the piroximal end of 
the series. 

Type.— Cut No. 30507, U.S.N.M. 

Type-locality.Stsition 6123, east coast of Mindoro, 220 to 288 
fathoms, green mud. 

Distribution. — Sulu Sea and Mindanao Sea, Philippine Islands, 
219 to 283 fathoms. 

13434— Bull. 100—19 6 
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Specimens examined. — ^In addition to the type, 4 from the follow- 
ing stations : 

Station 5587, between Negros and Siquijor, 254 fathoms, green 
mud, bottom temperature 53.5** F. ; 1 specimen. 

Station 5541, off Point Tagolo, northern Mindanao, 219 fathoms, 
fine sand, broken shells, bottom temperature 53.8^ F.; 1 specimen. 

Station 5565, between Jolo and Tawi Tawi (east of northern 
Borneo) 248 fathoms, fine sand, shells; 2 specimens. 

Remarks. — ^This species resembles more closely the Atlantic form, 
.P. elegans Verrill than it does either gracilis or megaloplax. I have 
been able to compare the type with a specimen of elegans from sta- 
tion 2400, Gulf of Mexico, 169 fathoms. The differences are con- 
trasted below : 



aTialogus, 
PaxiUae at base of ray with 1 cen- 
tral and 9 or 10 peripheral spinelets ; 
paxillae not close-set on disk ; smaller. 

Intervening ridge between mar- 
ginal fascioles about half as broad 
as the fasciole, or even less than half 
(in interbrachium). 

Fasclole between inferomarginals not 
narrowing toward the actlnolateral 
angle of ray (as marked by the lateral 
spine). Inferomarginal fascioles on 
lateral face of interbrachium not nar- 
rower than the superomarginal fas- 
cioles. 

In interbrachium the fascioles or 
cribrifoi'm organs are slightly open, 
and are deeper, with more numerous 
' spinelets. 

Inferomarginal spines larger. 



Actinal surface of inferomarginals 
narrower, without granulations; in- 
terradial inferomarginal plate bor- 
dered by about 6 or 7 spinelets, be- 
tween the large actlnolateral spine 
and the inner margin of plate. 

Nine to 11 furrow spines, there be- 
ing an enlarged spine on the distal 
transverse border of plate beyond the 
proximal third of the ray. 

First 10 adambulacral plates are 
separated £rom the actinal interme- 
diate plates by a longitudinal fasclole. 



elegana. 

Paxillae at base of ray with 7 or 8 
central and 15 to 17 peripheral spine- 
lets; paxillae close-set on disk and 
larger. 

The Intervening ridge as wide as 
the fasclole. 



Inferomarginal fascioles of lateral 
face of interbrachium narrowing to- 
ward the actlnolateral angle of ray; 
the fascioles are narrower than the 
corresponding superomarginal fasci- 
oles. 

The fascioles or cribriform organs of 
Interbrachium are closed, the combs 
meeting in the middle of the fascioles. 

Inferomarginal spines smaller and 
sometimes absent from first 2 or 3 
plates. 

Actinal surface of inferomarginal 
plates with abput 12 tiny granuliform 
protuberances or bosses under tbe 
skin; interradial inferomarginal plate 
bordered by 11 or 12 spinelets be- 
tween the actlnolateral spine (if thl8 
is present) and inner margin of plate. 

Twelve furrow spines, there being 
no enlarged spine on the distal trans- 
verse border of the plate. 

Only the first 3 adambulacrals are 
so separated. 
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PRI0NA8TEB GRAaUS Fislwr. 

Plate 3, fig. 2; plate 6, fig. 1; plate 9, fig. 1, la-&. 
PrUmaater (fraeUis Fibhxb, 1913a, p. 608. 
Diagnosis. — ^Differs from Prumaster analogies in having conspicu- 
ously longer rays, with a distally wider paxillar area which reaches 
terminal plate; paxillae with slenderer, sharper spinelets; madre- 
poric body larger, with different striation; superomarginals nar- 
rower abactinally; cribriform organs open and exposed proximally; 
longer marginal spines; more numerous adambulacral spinelets; first 
adambulacral not compressed; double series of interradial actinal 
plates wider at inner or central end ; enlarged subambulacral on mid- 
dle portion of ray only. R=165 mm., r=24 mm., R=6.9 r ; breath of 
ray at base, 24 mm., at tenth inferomarginal, 14 mm. 

Description. — ^Bays very long and slender throughout the whole 
length. Paxillae small and crowded, about the same size as in 
analoguSy but the spinelets slenderer, tapering, and bluntly pointed, 
not capitate or davate as in analogic. The paxillae decrease in size 
from the proximal radial region toward the end of ray and center of 
disk. About 9 paxillae correspond to the first 2 superomargi- 
nals. There are about 14 spinelets to a large paxilla. At middle of 
ray the paxillar area is 2.6 times the width of dorsal surface of su- 
peromarginals. The paxillae reach the terminal plate. 

Abactinal plates lozenge-elliptical and more or less irregular on 
the ray, becoming more circular, with indications of 4 to 6 sides 
on the disk. On the rays the plates are slightly spaced, but just 
touch one another on the disk. The papulae extend nearly to tip of 
ray and are absent from a narrow radial strip, and from center of 
disk. 

Superomarginals, 74, the distal plates about as wide as high (much 
wider than high in analogus)^ and the last 4 plates nearly touch 
the opposite ones medially. The paxillar area is wider distally than 
in analogus^ and fewer marginals approach the median line despite 
the much longer ray. Cribriform organs much more open than in 
amlogus and even more open than in Goniopecten asiaticus, espe- 
cially between inferomarginals. In the interbrachium the width of 
the exposed portion of organ (exclusive of marginal web) is about 
1.6 mm., or a little over one-third height of superomarginal, or one- 
half lateral face of the inferomarginal. The organs become nar- 
rower very gradually toward the end of ray. The marginal spines 
are as in anaHogus but are longer. Terminal plate with apparently 
but 4 terminal spines (only 1 ray perfect). 

The interradial double row of actinal intermediate plates (7 in 
each series) is much broader at the inner end, therefore more wedge- 
shaped, than in anaZogus^ owing to the fact that the first adambu- 
lacral plate is not compressed. The interradial -area proper extends 
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only as far as the fifth inferomarginal, but a single series of small 
plates (which are rudimentary distally) reaches the fourteenth in- 
feromarginaL 

Furrow margin of the adambulacral plates is angular as in 
cmalogw (but in the midregion of the ray not so strongly so), and 
there are 12 to 14 furrow spinelets, webbed for nearly half their, 
length, the median spinelets being slightly the longest. Four or 5 
shorter spinelets stand on the outer border of plate, immersed in 
membrane, one of them becoming a specialized subambulacral spine 
on the midregion of ray (but not enlarged on the distal or proximal 
part of the ray). 

The transverse margins also bear 1 to 4 immersed spinelets. With 
the exception of the first and second, or first and third plates, the 
outer edge of the proximal adambulacrals not separated by a furrow 
from the actinal intermediate plates as in (maloffuSj but the mem- 
brane is continuous. The first plate is scarcely compressed. 

Mouth plates very prominent actinally. The marginal series of 
12 spinelets is angular, giving the inner end of the combined pair 
a truncate appearance, but the series does not dip down into furrow 
quite so conspicuously as in analogus^ although somewhat. The in- 
ner spine is enlarged into a conical ^th and just above it one or two 
suboral spines are similarly enlarged. Numerous smaller spines are 
scattered over the surface of plates. 

Madreporic body situated its own diameter from marginal plates, 
its width equaling the length of three interbrachial superomarginals 
(one and a half in analogus). Striae fine, radiating from an eccen- 
tric point (nearer the adcentral margin than outer edge). In 
analogus they radiate from an interradial point on the adcentral 
margin. 

Type.— C^t. No. 30508, U.S.N.M. 

Type-locality.— Stziion 5426, Sulu Sea (lat 9^ 37' 45" N.; long. 
121® 11' E.), 495 fathoms, gray mud, coral sand, bottom temperature 
49.40° F. 

Distribution. — Sulu Sea and off Southern Luzon, Philippine 
Islands, 338 to 495 fathoms. 

Specimens examined. — In addition to type, 1 from station 5373, 
off Marinduque Island (south of Luzon), 338 fathoms, soft mud, 
bottom temperature 51.8^ F, 



PRIONASTER MEGALOPLAX 1 

Plate 4, fig. 8 ; plate 5, fig. 1 ; plate 9, fig. 2, 2a-5. 

PrUmaster megaloplax Fishes 1918a, p. 608. 

Diagnosis. — ^Differing from Prionaster analogus in the following 
features: Large compact paxillae with very numerous spinelets; large 
madreporic body; superomarginals not in contact distally; supero- 
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marginal spines absent or rudimentary; more open cribriform or- 
gans; relatively larger inferomarginal spines; the odd interradial 
double series of actinal intermediate plates broader at inner end 
and with more plates; first adambulacral not markedly compressed; 
more numerous (12-13) furrow spines. R=250 mm., r=50 mm., 
S=5 r; breadth of ray at base, 56 mm.; at tenth superomarginal, 
28 mm. ; at middle of ray, 20 mm. 

Description. — General form robust; disk large, rays long, com- 
paratively slender, but relatively shorter than in gracilis^ and broader 
at the base. Paxillae conspicuou£dy larger than in andlogus and 
gracUiSy and, like those of Gomopecten asiaticus^ closely crowded, 
and as in other species arranged in oblique transverse rows on either 
side of the midradial strip of irregular ones. Pedicel of paxilla 
stout, often compressed, bearing a flat-topped polygonal group of 
equal, terete, blunt spinelets, about 25 to 30 occupying the periphery, 
and 20 to 40 the center. Far along ray there are about 2 to 5 central 
and 10 to 15 peripheral spinelets, blunter or more capitate than 
those on large paxillae. The paxiUar area tapers evenly to the ter- 
minal plate, none of the superomarginals being in contact medially. 

The abactinal plates were examined from the inner side on the 
ray only. Here the plates are independent, kite-shaped (6-sided, 
with the transverse diameter the shorter) and arranged in regular 
oblique rows on either side of the midradial band where the plates 
are irregularly elliptical, somewhat irregular in arrangement, and 
larger than the lateral plates. Papulae in sixes. There is a distinct 
though small anal aperture. 

Marginal plates with rather open cribriform organs in interbra- 
chium. The width of the exposed area of f asciolar spinelets is equal 
to one-fifth, or slightly less, the height of superomarginal. Beyond 
middle of ray the f ascioles are roofed over by the marginal web, im- 
ksB the latter is unduly shrunken by alcohol. Superomarginal plates, 
74 in number, confined to side of body in interbrachium. Far along 
ray they gradually encroach upon the abactinal area until near ex- 
tremity the width equals or slightly exceeds the height. The special 
saperomarginal spinule is either absent, or present as a small spinelet 
on the proximal half of the ray. Inferomarginal spine larger than 
in (mdlogua and about as in gracilis. In the interbrachium it equals 
or exceeds half the height of a superomarginal plate. One or 2 
proximal plates have 2 spines. 

Actinal interradial areas similar to those of gracilis^ the interradial 
double series being broad at inner end, and containing, each, 10 
plates. Besides the f asciolar spinelets there are here and there a 
very few superficial spinelets under the membrane. The intermedi- 
ate plates extend to tenth inferomarginal. 
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Adambulacral plates strongly angular, the adoral facet the shorter. 
Furrow spines 12 or 13, terete, capitate, in a palmate series and 
basally webbed. The spines near apex of angle are the longest (about 
equal to length of plate) thence decreasing in length toward either 
end of series. A pointed, specialized subambulacral spine, situated 
on the outer aboral comer of plate, is present, accompanied some- 
times by a shorter companion, while 3 or 4 other shorter spines 
occur on the margin of plate, all immersed in membrane. The 
first dozen plates have the marginal spines subequal, or one slightly 
enlarged, and all more or less completely involved in membrane. 
Here and there a plate is partly separated from the actinab by a 
groove; usually the skin is continuous between actinals and adambu- 
lacrals. First adambulacral not markedly compressed. 

Mouth plates large, the combined pair truncate at inner end. Mar- 
ginal series of spinelets, 13, strongly angular, the spinelet at apex 
being deep in furrow, and the rest unequal ; inner one or two enlarged 
into teeth. About half the spinelets face on actinostome and the 
rest on the furrow. Furrow surface of plate excavated for first 
tube foot. Surface of plate with 20 to 30 spinelets, about 10 of which 
border median suture and the rest stand below these in a couple of 
very irregular and variable series. 

Madreporic body very large, in diameter equal to the length of 
the first 3 superomarginals, and situated twice its diameter from 
margin. Striae fine, radiating from a point midway between center 
and adcentral (inner) margin* 

Typ^.— Cat. No. 30509, U.S.N.M. 

Type-locality. — Station 5624, between Gillolo and Makyan Islands, 
Molucca Islands (lat. 0*^ 12' 15" N.; long, 127° 20' 30" E.), 288 
fathoms, fine sand, mud. 

DistribtUion. — Molucca Islands, 230 to 288 fathoms. 

Specimens examined. — ^In addition to the type, an abnormal ex- 
ample from station 5625, between Gillolo and Kayoa Islands, Mo- 
lucca Islands (lat. 0° 07' N.; long. 127** 28' E.), 230 fathoms, gray 
mud, fine sand. 

Remarks. — ^The following differences separate this species from the 
two preceding: The paxillae are much larger, with many more spine- 
lets; the superomarginal spinule is inconspicuous and present only 
on the middle portion of ray. MegoHoplaoi is separated from anato- 
gus by several additional characters: The large madreporic body; 
superomarginals not touching along the radial line, distally; more 
open cribriform organs; first adambulacral not markedly com- 
pressed; odd interradial double series of actinal intermediate plates 
conspicuously broader at inner end (more than 3 times width of 
outer end) ; furrow spinelets 12 to 13 (10 or 11 in wnalogus). The 
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following additional differences separate meffoloplcBX from gracilis: 
Bay shorter in megaloplax (B=5 r) ; dorsolateral edge of ray more 
rounded ; ray broader, with a decidedly broader pazillar area, which 
tapers more evenly from the base toward tip, and despite their larger 
size, there are more paxillae in a transverse row across ray than in 
gracilis (at middle of ray, 28 in megaloplax^ 17 in gracilis) ; sub- 
ambulacral spine more conspicuous in megaloplax. 

The example from station 5625 is remarkable from having only 
two interradii normal as regards the odd marginal plates and the 
odd double series of actinals leading therefrom to the mouth plates. 
These two interradii are that of the madreporic body and the adja- 
cent one to right (between bivium and trivium). One other inter- 
radius has paired inf eromarginals and superomarginals, and paired 
double series of actinal intermediate plates. Another has an odd 
superomarginal and paired inferomarginals and actinals. The fifth 
has paired superomarginals and apparently paired inferomarginals, 
but the odd plate is pushed to one side of the median interradial 
line and a supernumerary plate is inserted in the ventral series a few 
plates distant. The odd actinal double series is also crowded to one 
side, but its inner end meets the combined mouth plates. The disk is 
somewhat smaller than that of type, and the paxillae of disk a trifle 
smaller. 

This abnormal specimen does not particularly suggest a hybrid^ 
with Goniopecten asiaticits. It is puzzling to* account for the unsta- 
bility of the generic characters, however. In one interradius the 
specimen is Goniopecten^ in two it is Prionaster^ while in two others 
it is a combination or mosaic of the two genera. 

Family ASTROPECTINIDAE Gray 1840, emended. 

Subfamily Craspidasterinae Fisher. 

Craspidasterinae Fisheb, 1016a, p. 8. 

Diagnosis. — ^Resembling the Goniopectinidae in having a single 
series of webbed peripheral spinelets on the marginal and actinal 
plates, but differing in lacking the characteristic double serial ar- 
rangement of the actinal intermediate plates, which are arranged 
essentially as in the Astropectininae; in having patently double am- 
pullae, and in the form of the hepatic coeca which arise from five 
radial diverticula of the dorsal part of the stomach, as in Astro- 
pecten. 
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Geniu CRASPIDASTER Sladen. 

Criupidaster Sladen, 1889, p. 176. Type, Archasier he9peru8 Mttller and 
Trogchel. 

CRA8PIOA8TBB HE8PBBU8 (MWcr and TnMdMl). 

Plate 9, fig. 8. 

ArcJiaster hesperut Mt^ixEB aDd Tboschel, 1840, p. 104 ; 1842, p. 65. 
BieUaater 9ulcatUB MObiub, 1859, p. 11, pi. 5, figs. 1 aDd 2. 
Cra9pida9ter Jiesperus Sladen, 1889, p. 177, pi. 17, figs. 5-7 ; pi. 18, figs. 1-4. 
Asiropecten macer Sluiteb, 1889, p. 297 ; 1895, p. 58. 

Sladen has given figures and a careful description of this species 
and has noted the principal variations. 

The largest of the Philippine specimens has E=52 mm., r=12 mm., 
B=4.33 r; superomarginal plates 38; furrow spines, 6-7. In this 
specimen the little thumblike subambulacral spinelet described and 
figured by Sladen in his Hongkong specimen is not present, and 
the fringe of spinelets along the inner edge of the inf eromarginal 
plates is found much farther along ray than indicated by Sladen. 
It is variable even in the Philippine examples; in some it persists 
nearly to the end of the ray (station 5209) while in an example from 
station 5375 the fringe is rudimentary beyond the limit of actinal 
intermediate plates. 

Anatomiodl notes. — ^The midradial line and center of disk are with- 
out papulae. Here the plates are nearly circular or with 5 or 6 faint 
scallops by which the plates overlap slightly. Elsewhere the plates 
have 5 or 6 short lobes by which they are in connection with neigh- 
boring plates. This arrangement is unlike that of Prionaster and 
Ooniopecter^ in which the plates are independent The papulae are 
uisually in sixes about each plate. In the family Astropectinidae 
all gradations between independent circular or elliptical plates and 
stellate imbricated ones are found. 

The stomach is spacious and from the dorsal part arise five radial 
diverticula, each of which, dividing, gives rise to two hepatic coeca 
which extend along ray to about the seventh superomarginal. Thus 
the coeca arise from a common tube, and not independently as in 
Prionaster. The ventral portion of the stomach, which is very ex- 
tensible, is not separated from the aboral portion by any sharp line 
of division. Its radial portions contain small gastropods and pele- 
cypods. The intestinal coecum is represented by a single large sac- 
like diverticulum lying in an interradius on the dorsal surface 
of stomach, its extremity nearly reaching the marginal plates. I 
can not determine whether this connects with the stomach, but a 
minute intestine passes upward in the interior of a slight epiproctal 
cone. A lumen is present, and presumably the intestine opens by a 
tiny pore, although I have not been able to see it. The paxillae are 
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very small and crowded in this region. Viewed from the coelomic 
side, the intestine appears to pierce the integument. 

Interbrachial septa membranous. Gonads in a single tuft attached 
to dorsal integument on either aide of septum and near marginal 
plates. Ampullae double; tube feet pointed, without deposits in the 
walls. 

A Polian vesicle in each interradius except that of madreporic 
canal where there are two. Well developed, slender, superambulacral 
ossicles are present. 

The internal anatomy as a whole is rather more like Astropecten 
than Prianaster^ especially in regard to the stomach. In certain 
features, as in the ambolacral sy3tem, both resemble Astropecten, 

Type-locality. — Japan (Miiller and Troschel). 

DisitibtUwn. — Japan to western shore of Bay of Bengal (Vizaga- 
patam, India [Koehler] ; Mergui Archipelago [Budmose Brown] ; 
Singapore [von Martens]; Banka Straits [Sladen]; Philippines 
[Sladen] ) and south to the Aru Islands, west of New Guinea (Koeh- 
ler). The southernmost locality in the Philippines is station 5235, 
Pacific Ocean, off Mindanao. The bathymetrical range is 9 to 107 
fathoms. 

Specimens examined. — Sixteen specimens, from the following 
Philippine localities : 

specimens of Craspidaster Hesperus espomined. 



LooftUty. 



Depth. 



Nature of 
bottom. 



Num- 
ber. 



3807 



STS 



Off Western Somar 

....do 

....do 

Off east coast Mindanao 

Soln Sea, off flandakan Harbor, Borneo 

Off liannaduque Island 

East {^northern Palawan 



Fathom, 
85 



30 
44 

88 

107 
61 



Qreen mud, 

sand. 
Soft green 

mud. 

do 

Soft mud 

Mud 

Qreen mud.... 
Sand 



Subfamily Astropectininae Sladen. 

Diagnosis. — ^Phanerozonia with large marginal plates, true pax- 
illae, and parapaxillae ; with pointed tube feet (a flat or true 
sucking disk being always absent) ; with double ampullae ; no cribri- 
form organs, but frequently well-developed marginal fascicles, which 
are never webbed ; actinal fascicles never webbed ; with an intestine, 
and usually an intestinal coecum; anus absent, small, or well devel- 
oped; superambulacral plates always present. 

This division corresponds exactly to the Astropectinidae as de- 
fined by me in Asteroidea of the North Pacific (1911rf, p. 87). The 
family has been changed only by the addition of Craspidaster^ for 
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which a new subfamily has been made. The Astropectininae lack the 
webbed marginal and actinal f ascioles of Craspidaster. While the 
name was coined by Sladen, the subfamily as here used is more ex- 
tensive than his, as it includes several of his Archasteridae as well as 
subsequently described groups. For a discussion of this family see 
Fisher, 1911rf, p. 87. 

Genui ASTROPECTTEN Gray. 

A9tropecten Gbat, 1S40, p. 180. 

KBT TO THX 8PBCIB8 OW ABTBOPSCTBN HBSBIN DBSCEIBaD. 

<t. Superomarginal splDes In a single definite series contlnuons througlioat ray, 
with exception Bometlmes of second, third, and fourth plates. 
h\ Superomarginal spines upright and prominent, prozlmally equaling or ex- 
ceeding height of plate ; no conspicuously enlarged subambulacral eplne. 
&, The second, or second and third, superomarginals without spines ; infero- 
marginals with 4 or 8 large bristling spines In a transverse series; 
superomarginal spines 1.5 to 2.5 times height of plate. 

polyacawthM^ p. 68. 

c*. Superomarginal spines continuous throughout ray ; Inferomarglnal plates 

with 8 lateral spines and spaced therefrom, 1 on the actinal surface. 

phrafftnorus, p. 65. 
&*. Superomarginal spines small, much less than height of their plate ; one of 
the subambulacral spines conspicuously enlarged. 
&, Superomarginal spines aU on inner edge of plates ; 1 lateral spine with a 

small companion mindanensU, p. 67. 

c*. Superomarginal spines of first few plates at inner edge, thence moving 
to angle between lateral and dorsal surfaces of plate; some plates 
with occasionally 2 spines ; lateral spines 2 or 8, with proximaUy 1 or 

more smaller actinal companions inaequalis, p. 69. 

a\ Superomarginal spines small, confined to first, or first 2 or 8 plates, or ex- 
tending over half the length of ray, but not the entire length. 
b\ Rays short and stout ; R less than 5 r ; superomarginal spines on first, or 

first 2 or 8 plates only velitarUf p. 70. 

h\ Rays long and slender ; R more than 6 r ; superomarginal spines on a few 
proximal plates or on all but the last third of ray. 
0^. Subambulacral spines 8 or 4, none enlarged; superomarginal spine at 

base of ray only ; mouth spines In regular series liizorUcus, p. 82. 

<f. Superomarginal spines on all except outer third of ray ; subambulacral 
spines more that 5, one In the first series enlarged; mouth spines 
Irregularly arranged, 
d^. No superomarginal or Inferomarglnal pedlcellarlae ; abactinal and 
adambulacral pedlcellarlae very few ; paxlUae medium-sized ; supero- 
marginals of proximal half of ray not longer than wide; lateral 

spines 8, sometimes 4 teneUu9, p. 84. 

d*. Numerous abactinal, superomarginal, Inferomarglnal, and adambula- 
cral pedlcellarlae; superomarginals of the proximal (as well as 
distal) half of ray longer than wide, except the first 8 or 9 plates; 

lateral spines 4, 8 on distal third of ray pediceOaria, p. 87.-j 

b\ See also manacanthus and eucnemis, where a smaU spine may occur 
aberrantly on the first, or first 2 or 8 platea 
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4if. No superomarginal spines, 
b*. Paxillae small, delicate; abactlnal splnlform pedlcellarlae ; furrow spines 

4 or 5 ; deep water eremicus, p. 79. 

h\ Paxillae medium or large ; no abactlnal paxillae ; furrow spines 3. 
e^. Rays long and narrow In the adult ; R more than 5 r ; lateral spines 2. 

eucnemis, p. 76. 

€^. Rays stout and short, or of medium length; R less than 5 r; lateral 

spines 1 to 8. 

<f. Lateral spines 2 or 3, with sometimes actlnal accessory splnules; in- 

feromarginal splnelets not remarkably flat and spatulate; supero- 

marginal plates broad, with small granules granvlatus, p. 73. 

<l*. Lateral spine, one; inferomarglnal splnelets flat and scalelike; sub- 
ambulacral spines very flat and broadly spatulate; superomarglnal 
plates narrower, with large granules monacanthuMy p. 74. 

ASTBOPBCTEN P0LYACANTHU8 Httltor «n4 TroMheL 

Aatropecten polyacanthus MthxEB and Tboschkl, 1842, p. 69, pi. 5, fig. 3. 

Notes on PhUipjnne specimens. — In order to record the more evi- 
dent variations in the armature of the 6 specimens I have drawn up 
a sort of synopsis or key. 

a\ Only the second superomarglnal without a spine; superomarglnal spines 
about X25 times height of their plate ; superomarglnal series of spines proxl- 
mally 5, then 4» and only at tip of some of the rays, 3 ; they are slender, ap- 

pressed and very sharp Catbalogan, Samar (1). 

q\ The second and third, rarely the fourth, superomarglnal without a spine; 
■aperomarginal spines proxlmally 2 to 2.5 times height of their plate. 
h\ Inferomarglnal spines 4, narrow, slightly flattened, bristling. All ac- 
tlnal splnelets relatively longer and stouter than in h* and a^; supero- 
marglnal and lateral spines unusually stout, the former the more robust 

Station 5165 (1). 
b\ Inferomarglnal spines 3, the third situated at or near inner end of plate, 
qmced from the other 2. 

o\ Superomarglnal spines stout and long, proxlmally 2 to 2.5 times height 
of their plate; superomarglnal plates higher than long on proximal half 
of ray ; inferomarglnal spines narrow, slightly flattened, sharp ; paxiUar 
area wider (opposite fourth plate equal to length of 3.5 to 4 succeeding 

superomarginals) Station 5165 (1); Usada Island (1). 

c*. Superomarglnal spines slenderer, and variable In length proxlmally; 
superomarglnal plates (except the flrst 2 or 3) longer than high ; outer 
inferomarglnal spine conspicuously longer than the rest, flat, broader 
toward tip than at base, narrowing abruptly to a sharp point (rarely 
bifid) ; paxillar area narrow (opposite fourth superomarglnal equal to 
length of 1.5 to 2.5 succeeding plates) ; the smaller inferomarglnal spines 
are rather more delicate than in the preceding variety. This variety 
seems to be similar to a specimen mentioned by Sladen (1889, p. 201) 
from the Admiralty Islands Stations 5159 (1) and 5174 (1). 

In the last variety the flattened leaflike, sharp lateral spines and 
iiairow paxillar area produce a combination of characters which 
alters the general facies very markedly. When a suflScient number 
of specimens from many localities are examined by one person this 
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species will be split up. Long ago Sladen ^ pointed out the possible 
error in too comprehensive species, such as polyacanthAJLs, He said: 

Without calling in question the accuracy of M. Perrier's determination, Uie 
occurrence of such instances as this of a form presenting strongly marked 
variations at different stations within the area of its distribution, urges upon 
naturalists the necessity of exercising extreme caution against being led away 
by a tendency to group too comprehensively the forms which may be included 
within a large and widely distributed genus; for, however seriously the nral- 
tiplication of frivolous "species" may embarrass a classification, the whole- 
sale grouping, or, in other words, the unbounded extension of the limits of 
specific character, is productive of more injurious results, in that it curtails 
the precision of definition, and, whilst ignoring environment as a factor, 
divests nomenclature of one of its highest and most important qualitiea 

From the fact that forms are separated by much smaller and less strikiog 
differences in an extensive genus, than in one of more limited scope, " species " 
in the larger group have often not such clearly marked or conspicuous chara^ 
ters as those which are presented by " varieties " in a less comprehensive genua 
It follows that the Judgment should be very cautiously exercised when tempted 
to embrace within a single species all the strongly marked distributional ex- 
tremes of any widely spread type, however closely their connection may seem 
to be preserved through intermediate forms; for in many cases these grada- 
tions are nothing more or less than the links which indicate to us the develop- 
ment of " species," and are, in short, the stages with which generally we are 
unacquainted, owing either to the imperfection of knowledge, or more fre- 
quently by reason of their destruction through the hostility of unfavorable 
conditions. 

Without a large series of specimens from numerous localities it 
will be difficult to arrive at a solution of Astropecten polyacanthus^ 
for it is likely that the rather conspicuoas individual and habitat 
variations somewhat mask small and constant differences due to 
wide geographic separation. 

Type-locality. — ^Red Sea. 

Distribution. — ^The Bed Sea to Zanzibar and Mozambique, the Sey- 
chelles, Ceylon, Mergui, Andaman Islands, China, Japan, Philip- 
pines, Port Jackson, Australia, Admiralty Islands, Aru Islands, 
Fiji Islands, Hawaiian Islands. 

Specimens examined. — Six specimens from the following localities: 

Catbalogan, Samar, shore; 1 specimen. 

Usada Island, vicinity of Jolo, shore; 1 specimen. 

Station 5169, Tawi Tawi Group, Sulu Archipelago, 10 fathoms, 
coarse sand, shells; 1 specimen. 

Station 5165. Same locality, 9 fathoms, coral ; 2 specimens. 

Station 5174. Vicinity of Jolo, 20 fathoms, coarse sand ; 1 speci- 
men. 

^Joum. Linn. Soc. Zool., vol. 14, 1879, p. 429. 
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ASTROPECTEN PHRAGMOBD8 fklMr. 

Plate 11, fig. 5; plate 14, flgg. 1, la^. 

Aatropecten acanthifer phragmorus Fisheb, 1913a, p. 604. 
Aatropeeten phragmorus DQoeblein, 1917, p. 178. 

Diagnoris. — ^Very similar to A. acanthifer Sladen, but diflferiug in 
having narrower rays; more perpendicular superomarginals, bearing 
larger spines on the extreme upper and inner edge of plate (not 
spaced conspicuously therefrom) ; a relatively longer actinal infero- 
marginal spine and longer marginal spines generally (especially in 
proportion to width of ray) ; an incipiently enlarged subambulacral 
(more noticeable in young examples) . K=48 mm., r=8 mm., B=6 r ; 
breadth of ray at second superomarginal, 9 mm. The brownish 
marking seems to be distinctive also. 

Description. — Bays slenderer than in acanthifer although the disk 
is no smaller. Sladen gives the proportions of the type as B=6.43 r, 
but the figure shows proportions of B=between 5 and 6 r, nearer 5. 
The narrower rays of the present species will be evident on a compari- 
son of figures. Paxillar aref^ very compact, the outlines of indi- 
vidual paxillae being sometimes difficult to distinguish. The paxillae 
are similar to those of acamithifer^ but the spinelets. are a little longer 
and slenderer, judging by the figure, although in the largest speci- 
mens, numerically about the same. 

Superomarginal plates, about 35 in number, confined to side of 
ray proximally and forming a steep bevel; encroaching more and 
more upon the abactinal surface, and becoming relatively lower and 
more arched on outer half of ray. In acanthifer the proximal plates 
have a definite rounded angle between the dorsal and lateral surfaces, 
and on this angle the small, superomarginal spine is situated. In 
phragmorus the proximal plates slope very steeply, and nearly the 
whole of the upper end is occupied by the base of the stout, tapering, 
slightly flattened sharp spine, which, on the outer third of the ray, 
withdraws slightly from the inner edge of the plate. The supero- 
marginal spines of phragmorus are situated as the two to four inter- 
brachial spines of acanthifer. The first spine is 3 nmi. long, stouter 
and longer than the rest, and slightly exceeds the height of plate; 
and all along ray the spines preserve the same proportion to their 
plate, as the plates become lower. They are much stouter and longer 
than in acoflrvthifer. General surface of plate covered with slightly 
spaced spinelets, terete and blunt except in the middle where they are 
a little stouter and more squamif orm, increasing in size aroimd the 
base of spine. 
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Lateral inferomarginal spines 3, slender, tapering, slightly flat- 
tened, and sharp, the upper the longest and stoutest, on the proxiiDAl 
plates about 3.5 plates in length (about 5 mm.) ; second spine nearly 
as long as first ; third about half as long as second, but in very young 
specimens sometimes relatively longer. The fourth spine is placed 
as in acanthifer^ but is flattened and longer, being a little over one- 
half to about two-thirds the length of the longest lateral spine. This 
spine extends one-half to three- fourths the length of ray. As many 
as 5 proximal plates may have 2 of these spines, in a cross series. 
General covering of plate essentially as in acanthifer^ except that 
there are no accessory spinules in front of the 3 lateral spines as 
figured by Sladen. 

Adambulacral armature: (1) Furrow spines, 8, relatively long, 
flattened, slender, round tipped or truncate, the middle the longer, 
slightly tapering, with ec^e to furrow; the lateral also slightly 
tapering with flat side to furrow. (2) Subambulacral spines, usually 
6, similar in character to furrow spines, slightly tapering and round 
tipped or truncate, arranged in 2 series, or with 1 in center, sur- 
rounded by 5; in this case there are 2 spines back of the furrow 
series, forming an oblique longitudinal series and back of these, 4 
in a diamond-shaped arrangement. The aboral member of the first 
series is slightly larger than its companion, and in small specimens 
very much larger; in these there are only 2 or 8 subambulacrals, 
with a minute companion or two. 

Mouth plates very similar to those of A. acanthifer. Any slight 
differences seem to be covered by individual variation. 

Actinal intermediate plates, 4 in each interradius, with the slender 
spinelets in two close groups, in some cases forming incipient pedicel- 
lariae, in others a paxilla. 

Madreporic body small, partly concealed, its own diameter or less 
from margin ; very convex, and with rather coarse transverse striae. 
Color in alcohol; rays with 2 or 3 broad crossbars of brown on 
buffy ground; and in addition some specimens have a narrow line 
proceeding along each radius from near middle of disk to end of ray. 
Young. — Some small specimens, ranging in size from R, 10 mm., 
to E, 18 mm., have been referred to this form. The rays are much 
shorter than in the adult, R equaling 3 to 3.5 r. The paxillae are 
smaller and less compact, with 1 central and 5 to 8 peripheral spine^ 
lets on the disk and only 4 or 5 altogether on the ray. The supero- 
marginal plates are well developed as in the adult, the first spine 
being the most conspicuous. There are 3 lateral inferomarginal 
spines, but they are stouter and shorter than in the adult The fourth 
spine is wanting except on the first 2 or 3 plates. The subambulacral 
spines vary in number from 2 to 4 but only 2 are of any size and 1 of 
these is conspicuously larger than its adoral companion. 
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Type.— Ceit. No. 30510, U.S.N.M. 

Tt/pe-localUy.— Station 5157, off Tinakta Island. Tawi Tawi 
Group, Sulu Archipelago, 18 fathoms, fine sand. 

Distribution. — Sulu Archipelago to southern Luzon, east coast of 
Palawan, and east coast of Mindanao, in 14 to 44 fathoms, sand and 
mud. The known distribution centers, therefore, in the shallow en- 
Yuxms of the Sulu Sea. 

Specimens examined. — Forty-six from the following localities: 

Specimena of Astropecten phragmorus examined. 



Remarks. — ^The differences separating this form from acanthifer 
the Banda Sea have already been dealt with. The only species 
ich has longer superomarginal spines than phragmorus is the well- 
»wn Astropecten polyacanthvs. No species of the Indo-Pacific 
ion, other than polyacanthicsj has the superomarginal spines as 
g as those of phragm/>rus. 

ASTROPECTEN BUNDANENSIS DMerlein. 

Plate 10, fig. 2. 

^ten mindanenMs Dodeblein, 1917, pp. 52, 131, 178, pi. 4, fig. 8; 
:, figs. 3-3a 

ns. — Similar to Astropecten andersoni Sladen, but with 
rays, and the longer superomarginal spines all close to the 
'gin of the plate; proximal inferomarginal lateral spines 
1 flat. R=3.8 to 5.5 r; breadth of ray at base about 

tian. — ^The original description is substantially as follows : 
) nun.; R=4.3 r. The rays taper rather uniformly from 
) the extremity. R equals from 3.8 to 4.4 r. The supero- 
plates are extremely narrow, and throughout much higher 
d. The paxillar area, opposite the fifth superomarginal 
ipies two-thirds of the total breadth of the ray. Here 5 
series of paxillae correspond to 2 marginal plates. The 
inelets of the paxillae (upward of 12) are appreciably 
an the peripheral spinelets. The superomarginal plat€» 
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are not very thickly covered with coarse, flat squamules, which ar« 
much thicker than the pazillar spinelets, and they all carry a rather 
small, conical, somewhat flattened spine close to the inner edge of 
the plate, but separated from it by 1 to 3 rows of granules [original 
description, 2 or 3]. The inferomarginals are thickly covered with 
somewhat lengthened, broad, mostly acute squamules, without 
spinules on the aboral border of the plates. The large marginal 
spine, as long as 3 plates, is flat, broad and only slightly tapered, 
but has generally a sharp point. Under it is a much smaller flattened 
spine, and below this 2 or 3 much shorter ones still. 

There are 2 actinal intermediate plates [4 to each interradius]. 
There are 5 furrow spines, of which the median is somewhat length- 
ened. Of the 2 spines of the second row, the aboral is not longer, 
but is very flat and broad, and rather acute, while the adoral is com- 
paratively very small. On the outer part of the plate are several 
small spinelets. 

Type-locality. — ^Mindanao. 

Di8tributum. — Palawan, Samar, and Mindanao. 

Specimens examined. — ^Fifty-eight from the following localities: 

Mantaquin Bay, Palawan, 4 feet; 1 specimen. 

Catbalogan, Samar, shore; 1 specimen. 

Catabato, below mouth of Mindanao B., Mindanao, 6 feet, sand 
and mud; 3 specimens. 

Station 5345, Malampaya Sound, Palawan Island, 7 fathoms, mud; 
53 specimens. * 

Locality doubtful, 1 specimen. 

Remarks. — ^The largest specimen has R=55 mm., r= 10 mm., 
R=5.5 r. A smaller example has R=80 mm., r=7 mm., R=4.8 r. 
There is some variation. There are usually 1 to 5 central paxillar 
spinelets in the Albatross specimens, and the major subambulacral 
spine is generally a little longer than the median furrow spine. The 
proximal inferomarginal plates sometimes have an incipient fascicu- 
late pedicellaria near the inner end of the plate. There is consider- 
able variation in the frequency of the spinules below the minor 
marginal spine. 

Doderlein separates this species from andersoni and dehilis as fol- 
lows: 

a\ Spines of the superomarginal plates aU very close to the Inner margin of 
the plate and at least as long as the plate. The large inferomarfclnal 

spine on the proximal part of ray broad and fiat mindanensU. 

a\ Spines of the distal superomarginal plates on the outer margin of plate and 
shorter than the plate. Large Inferomarginal spine slender through- 
out ray. 

b\ Squamules of Inferomarginals longer than broad anderst^ni, 

h\ Squamules of Inferomarginals circular deblHB, 
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Diagnosis. — Diflfering from Astropecten vappa Miiller and 
Troschel ^ in having slenderer rays, a noticeably narrower paxillar 
area, very unequal subambulacral spines in the first series, the aboral 
being much longer and broader than the adoral spine, and in having 
more delicate, rather less granuliform superomarginal spinelets. 
E = about 62 nun., r = about 15 mm., K = about 4 r ; breadth of ray 
at base, 16 mm. ; breadth of paxillar area on same transverse line, at 
second superomarginal, 7 or 8 nun. 

Description. — ^Paxillae compact, close set, the larger at base of ray 
and adjacent portion of disk, with about 15 terete peripheral spine- 
lets and upward of 12 central shorter, somewhat thicker ones. Across 
the ray from one second inferomarginal to the opposite side, 10 to 12 
paxillae can be counted. There are about 2. rows of paxillae to each 
superomarginal. 

Superomarginal plates about 36, their proportions and major 
spines as in vappa. There is a series of short conical spines extend- 
ing the whole length of the ray, the first on the inner margin of the 
plate, while the next 4 or 5 are successively nearer the middle of 
plate, an approximate position maintained by the remainder of the 
series. Central spinelets of dorsal face of plates appreciably coarser 
and shorter than those of lateral face, and slightly coarser than the 
central spinelets of paxillae. 

There are 2 lateral inferomarginal spines (the lower about two- 
thirds or three-fourths the length of the upper), sharp, somewhat 
flattened on the basal third of ray. They are usually accompanied 
by 2 to 4 squamif orm spinules which stand on the adoral side of their 
bases. On the first 2 or 8 inferomarginals there are 3 to 5 flattened, 
broad, sublanceolate, appressed spinules, much shorter than the main 
lateral spinHes, in a row on the actinal surface of plate; on the rest 
of the plates of the proximal half of the ray there are 1 or 2 such 
spinules near the aboral border, 

Actinal intermediate plates, 4 in each interradius. 

The median adambulacral furrow spine is compressed and longer 
than the laterals. In the next row are 2 spines, of which the aboral 
is much the larger, flattened, strap-shaped, with a truncate or slightly 
rounded tip, and about 2 mm. long. The proximal spine of this 
series is ^tuated slightly nearer to the furrow, and beyond the base 
of ray it is about 0.6 the length of the other, and very much slen- 
derer. Back of this series are a few delicate spinelets. 

Type.— Cat. No. 40124, U.S.N.M. 

Type-locality. — Station 5174, vicinity of Jolo, 20 fathoms, coarse 
sand; 1 specimen. 

^ As dercribed by DOderlein, 1917, p. 124, pL 6, flg. 1 ;«pL ll.^flgs. 2, 2a, 8. 
13434— BuU. 100—19 6 
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Distribution. — Known only from the type-locality. 

Remarks. — ^I have based my comparisons of this form upon the 
figures and description given by Doderlein in his recent reyision of 
Astropecten (Doderlein, 1917). 

In the general appearance of the abactinal surface, inaegualii 
bears a close resemblance to the figure of A. mawritiensis (= ^. hen- 
galensis Doderlein) given by Koehler in his ShaUow- water Aster- 
oidea (Koehler, 1910a, pi. 5, fig. 7), except that in inaequalis the 
paxillar area is narrower. Doderlein on plate *5, figure 1, gives a 
clear figure of the dorsal aspect of a specimen of vappa from Sharks 
Bay, Australia. As compared with this, the paxillar field of 
inaeqiuiUs is much narrower, occupying only about half the total 
width of the ray at base, while in vappa it occupies two-thirds. Do- 
derlein's figure 2a, plate 11, shows that the adoral spine of the inner 
subambulacral series is relatively much larger than in inaeqiuilis. 
In vappa there are apparently more conspicuous and rather more 
numerous actinal inferomarginal spines in addition to the 2 lateral 
spines. 

The present race seems to be more nearly related to vappa than to 
acawthifer^ although the latter is found in the Banda Sea and near 
Flores, two localities geographically nearer than the habitat of 
vappay which is recorded by Doderlein from southwest Australia and 
New South Wales. In acanthdfer the marginal spines are all slen- 
derer and the inferomarginal armature is more bristling. There is 
a well-developed, conical, sharp actinal inferomarginal spine instead 
of an aboral series of flattened, sublanceolate, appressed spinules. 

ASTBOPECTEN VEUTARIS Toa Martens. 

Plate 11, figs. 8, 4; plate 14, fig. 2. 

Aitropeoten veUtarU Von Mabtens, 1866, p. 860. — Sladen, 1889, p. 214. — 
DOdeblein, 1896, p. 807, pL 18, figs. 82, 82a; 1917, p. 169, pi. 6, figs. 6, 15, 
16; pi. 16, figs. 8-8a.— KoEHLEB, 1910a> p. 44. 

Notes on PhUippine specimens. — ^The largest specimen in the col- 
lection has R=32 nun., r=:9 nmi., B=8.55 ; another has B=82 mm., 
r=8.5 nun. There are numerous specimens nearly as large. These 
are not ^ yoimg," for the gonads are well developed. If this form 
is true veUtariSy as it seems to be, the idea that it is the young of A. 
hempriohiiy or of some other species, may be definitely abandoned. 

Most of the specimens have a stout conical superomarginal spine 
on the first plate only, but a small percentage have a spine on soma 
of the second plates. Thus, one example has either 3 or 4 superomar- 
ginal spines in the interbrachia, while others have 2 or 8, or 2 to 4, 
or very rarely 4 in all the interbrachia. 

Paxillar area compact; paxillae large, the bases oblong, with 
6 short lobes on the papular areas of ray, and irregularly circular 
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with 2 or 8 short lobes on papular area of disk; along median area 
of ray and center of disk they are broadly elliptical to roundish^ 
entire, and on central part of disk much smaller and imbricated* 
Papulae are lacking in central area of disk and along median radial 
area of ray. Crown of larger paxillae at base of ray with 4 to 10 
central, short, clayate, granuliform spinelets and 12 to 15 longer 
round-tipped peripheral ones. 

The superficial superomarginal granules are subcircular, and 
stubby to appressed squamiform, and round tipped, becoming ab- 
ruptly slender laterally. The inferomarginal plates extend slightly 
beyond superomarginsJs laterally. Inferomarginal armature spini- 
form and not squamiform as in ^. zebra. The spines are also more 
numerous in the adult specimens. A fairly typical marginal plate 
from the middle of the proximal half of ray has a prominent, flat- 
tened, sharp, lateral spine at its upper and outer end, 2.6 plates in 
length. Immediately below it is a semicircle of 3 or 4 sharp, slenderer 
spines about two-thirds its length. Outside this, forming a concen- 
tric semicircle, still at outer end of plate, are 6 or 6 still smaller 
slenderer spinules, and extending transversely along plate a little 
aboral to middle is a straight series of 5 or 6 spinules, subequal, at 
outer end of series, to spinules of the second lateral auxiliary series, 
thence increasing Rightly in length toward inner end of plate. The 
general coyering of plate consists of spaced slender spinelets, sharp 
when dried, but blunt in alcoholic specimens. 

The adambulacral armature consists of a long, median, curved, 
compressed furrow spine with a considerably shorter and slenderer 
one on either side. The subambulacral spines are in 2 series, the 
inner consisting of 2 tapering round-tipped spines a little longer 
than the lateral furrow spines, and the aboral the longer of the 2; 
behind these is a row of 3 or 4 smaller spinelets, or a group of 3 to 
5. In small specimens only 2 are present. First mouth plate much 
compressed with 2 transverse series of about 10 spines each. 

Actinal interradial areas extremely small. There are 2 fair-sized 
plates back of the mouth plates, and 1 or 2 additional plates to either 
side of these. The spinelets are closely coordinated and form in 
some cases incipient fasciculate or pectinate pedicellariae. 

Mouth plates very narrow. Marginal series occupies only the inner 
half of each plate and consists of about 7 spines, cylindrical and 
blunt, increasing in length toward the inner, which is about as long 
as one-third or one-half interradial length of plates. There is a reg- 
ular superficial series of 8 to 10 subequal tapering blunt spines which 
commonly touch over the suture like a gigantic pectinate pedicellaria. 
These spines are about as long as the lateral furrow spines and are 
sometimes a trifle flattened. 

Mftdreporic body close to margin, partly concealed. 

^■"^ Digitized by LjOOQIC 
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Color in alcohol, yellowish with a broad transverse band of faded 
brown at middle of ray. 

Type. — ^Museum Berlin, No. 1604^ 

Type-locality. — South China Sea. 

Distribution, — ^Formosa to Ceylon, northwest Australia, and Ad- 
miralty Islands. The Philippine stations are consequently within 
this area. The specimens recorded by me from the Hawaiian Islands 
are not velitaria. (See under Remarks.) 

Specimens exammed. — Seventy-five. 





Spedmens of Astropeoten velitaris examined. 




station. 


LocaUty. 


Depth. 


Nature Of 
bottom. 


Num- 
ber. 




Bftndainn Bav, Bomw) 


Fathorru. 
Off beach. 
30 
18 
18 
12 
18 
25 
62 


Sand, rocks.... 
Gray mud^nd 

do 


50 


UM 


China Sea, off southern Luzon 




5156 


Tawl Tawl Qroupi Sulu Archip^b^ 




5157 


do V. ^...r. 




5158 


do 


do 




5161 
5182 


do 

Off eastern Panay 


Sand, 

Mud, fine sand 
Fine sand 




5480 


Vicinity of Surlgao Strait (northeast Taobuo Light, Leyte) . 





Remarks. — The specimens described above appear to belong to 
the same species as that figured by Doderlein (1896, pi. 18, figs. 82, 
82a) from Amboina. Doderlein's largest example was only half the 
size of mine. The Philippine specimens are perfectly distinct from 
A, hempricJdi^ and whatever the relations may be with that species, 
it is certain that velitaris is not merely a young phase, for several of 
the larger specimens examined proved to be sexually mature. Koeh- 
ler (1910a, p. 46) quotes Marenzeller's opinion that velitaris is a 
young form. 

Koehler (1910a, p. 44) is correct in questioning my Hawaiian rec- 
ord of velitaris. The form described by me and recorded as A. veli- 
taris is distinct and differs from true velitaris in having short tu- 
bercular spines on the distal superomarginals, spaced from the inner 
edge of plate, in addition to the much more conspicuous spine of the 
first superomarginal of each ray. The superomarginals are fewer 
and a little more massive, the paxillae relatively smaller, the infero- 
marginal spines fewer and in a single transverse series, the 2 outer 
to be classified as lateral spines; the spinelets are squamiform, as 
in zebra^ and there is commonly but one series of subambulacral 
spines, 3 to a series, the aboral member enlarged. The mouth 
plates are slightly broader than in velitaris and the marginal series 
of spines extends farther toward the outer end of plate. The first 
adambulacral is not so much compressed. 

The Hawaiian species differs from A. hemprichii in having a con- 
spicuous spine on the first marginal plate, and a different inferomar- 
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ginal and adambalaciul armature* A. soopwrius lacks the prominent 
interbrachial superomarginal spines, has larger paxillae and more 
numerous inferomarginal spines. In the arrangement of supero* 
marginal spines the species is nearest pugnaa Koehler and mauri- 
tiamus Gray. From the latter it differs in several minor details, such 
as the adambulacral armature, with its enlarged subambulacral spine, 
the smaller paxillae, the regular transverse series of inferomarginal 
spines. Pugriax has large, crowded paxillae, an inferomarginal 
annature identical with scopariua^ and a slightly different adambu- 
lacral armature. 

Doderlein recently named the Hawaiian form which he placed in 
his revision of Astropecten in the ^vappa group," along with 
A. vappoj triaeriatus koefUerij bengdlensiSj mauriiianusy orsirdiy and 
acarUhifer. 

Astropecten hawaiiensis Doderlein, 1917, p. 51 {^^^Astropecten 
rditaris Fisher, 1906, p. 1005, pi. 1, fig. 2; pi. 2, figs. 2, 2a) may be 
diagnosed as follows: Similar in general appearance to a small 
A. mauritlanusy but differing in having smaller paxillae, 2 lateral and 
2 or 3 actinal inferomarginal spines, forming a single series near or on 
distal margin of plate, and in having 1 series of 3 (or less often 2) 
subambulacral spines, the distal conspicuously enlarged. Differing 
from A. koehleri in the characteristic arrangement of superomarginal 
tubercles and in the inferomarginal armature as well as in having 
smaller paxillae; perhaps more closely related to the latter. Type- 
locality. — Albatross station 4055, Hilo Bay, Hawaii, 50 fathoms, fine 
gray sand. 

ASTHOPBCTEN GRANULATUS MWIer and TiMcheL 

Astropecten granulatus MttLLEB and Tboschel, 1842, p. 75. — Sladen, 1889, 
p. 215. pi. 85. figs. 3 and 4 ; pi. 89, figs. 4-6.— DOderlein, 1896, p. 805. pL 
18, figs. 30, 30a; 1917, p. 148, pi. 5, fig. 7; pi. 14, figs. 1, 8, 3a; pi. 17, 
figs. 2, 2b, 3.— KoEHLEB, 1910a, p. 40 ; 1910&, p. 266. 

One immature specimen from station 5882, Ragay Gulf, Luzon, 
128 fathoms, mud. 

This example has E=15 mm., r=5 mm. It agrees more closely 
with the figure of Sladen than with that of Doderlein (1896). The 
spinelets of the paxillae and superomarginal plates are slenderer and 
less granuliform than in Sladen's specimen, and the subambulacral 
spinelets are not so stumpy and broad. These are in a single series of 
8, subequal or the middle slightly enlarged. The proportions 
of the superomarginal and inferomarginal plates and shape of rays 
conform to Sladen's figures. The more delicate spinulation may in 
some way be correlated with the unusually great depth at which the 
Albatross specimen was dredged. 

The ChMenger specimen was taken in the Arafura Sea at 28 
fathoms, green mud. Koehler's example was taken at the Aru Is- 



Digitized by LjOOQ IC 



74 BULLETIN 100, tJKITED STATES NATIONAL MUSEUM. 

lands in 8 to 10 meters, and Doderlein's at Thursday Island. The 
type-locality is not known. 

ASTBOPEOTEN MONACANTHU8 SUid«n. 

Astropecten m<macanthu9 Sladen, 1889, p. 216, pi. S3, figs. 7 and 8 ; pL 87, 
figs. 10-12.— KoBHLEB, 1910a, p. 87, pL 8, figs. 9-11 ; pi. 5, fig. 11.— DdoEfr- 
u&iN, 1917, p. 160, pL 14, figs. 5-6& ; pL 17, fig. 9. 

Eight specimens from the following localities: 

Station 6181, off eastern Panay, 26 fathoms, mud, fine sand; 2 
specimens. 

Station 6182, off eastern Panay, 24 fathoi^, mud, fine sand; 1 
specimen. 

Station 6480, vicinity of Surigao Strait, 62 fathoms, fine sand; 2 
specimens. 

Station 6481, vicinity of Surigao Strait, 61 fathoms, sand, shells, 
gravel; 2 specimens. 

Mantaquin Bay, Palawan, 4 feet, sand, 1 specimen. 

Type-locality — ^East of Panay, Philippine Islands, 20 fathoms, 
mud (6^Aa2Z07i^^ expedition). 

Distribution, — ^Philippine Islands, Andaman Islands, east coast of 
India, Bed Sea. 

Remarks. — ^The largest specimen measures R=37 mm., r=10 mm« ; 
the smallest, B=16 nmi., r=6 mm. The 8 examples from stations 
5181 and 5182, east of Panay, are practically from the type-locality. 
These conform to the figures and description given by Koehler of 
large specimens, and there seems to be no doubt that his examples are 
true monacanthue. Sladen's type is a rather small specimen. 

The largest specimen, from station 5181, has a small tubercle on 
one of the first inferomarginal plates. The color is a light dull 
brown, with the center of disk and a narrow radial stripe reddish 
brown. 

Astropecten monacanthus is readily recognized by its fairly large 
paxillae, unarmed granulate supermarginals (the granules flattened 
and sometimes squamiform) , the close mail of rounded imbricating 
inferomarginal squamules, the single flattened to subterete lateral 
fipine, with a small companion just below it, and the highly charac- 
teristic adambulacral armature. The latter consists of 3 flattened 
furrow spines truncate or round tipped, the median with edge to 
furrow. These are succeeded by 2 narrow flattened subambulacral 
spines, so placed as to appear to form an arc of 6 with the furrow 
spines. They are shorter than the lateral furrow spines, usually 
tapering and bluntly pointed. Commonly only the aboral one is 
present. Back of these are 2 very broadly spatulate round-tipped 
or truncate spines, about as long as the lateral marginal spines, the 
aboral slightly the larger. Sometimes the aboral member of the 
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first actinal series moves back a little, broadens, and stands in line 
with the 2 spatulate spines, making a series of 3 ; or, as mentioned 
eboye, it may stand out of line. It then forms a curved series with 
the 2 spatulate spines. 

The first 2 inferomarginals may have several squamules en- 
larged, and forming a transverse series of 2 or 8 accessory flat leaflike 
spinules in line with the accessory marginal spinule. 



ASTROPaCTBN BUCNEMIS, mm 

Plate 10, flg. 1; plate 14, figs. 8, So-d. 

Dioffnosis. — ^Rays 6. B=63 mm., r=9 mm., B=7 r (E : r, variable ; 
see variations) ; breadth of ray at base (second superomarginal) 9.6 
mm. A species with long, slender rays, usually unarmed superomar- 
ginals and large paxillae, resembling A. granrdatuSj from which, 
however, it differs in having longer, narrower rays, more delicate 
pazillar spinelets, a different inferomarginal armature, more numer- 
ous and longer subambulacral spines, and narrower mouth plates, 
with more numerous and more delicate oral spines. 

Description. — ^Rays long and narrow, very gradually tapering; 
di^ smsJl, with a slight prominence in center; interbrachial angles 
abrupt; sides of ray rather high in proportion to width, especially 
at base. Paxillar area plane, except in center of disk ; paxillae large 
and crowded, arranged in not very regular transverse bands on ray, 

4 of the series corresponding to the second and third superomar- 
ginals. Pedicels cyHndrical and slender, the crown very flaring and 
floriform, oonsisting, on the larger paxillae of disk, of a peripheral 
series of 10 to 16 t^te, rather slender, round-tipped spinel^ en- 
circling a central divaricate group of 6 to 12 similar but slightly 
shorter ones. On the outer third of ray the paxillae have about 

5 to 8 peripheral and usually only one central spinelet 
Superomarginals (48 in number) without special spines, except 

sometimes a small tubercle on the first plate* They are wider than 
long, and form a rounded dorsal margin to ray. On the proximal 
half of ray the plates form more than half of the perpendicular 
lateral face of ray and decrease gradually in height, at the same 
time encroaching more and more upon tiie paxillar area, as the 
tip of ray is approached. There is some variation in the propor- 
tions of the superomarginal plates, but they are usually higher in 
the larger specimens. The f ascioles are rather wide and abrupt 
between the plates ard have a slightly oblique trend instead of being 
exactly transverse. Exposed surface of plates covered with close- 
set, broadly lanceolate appressed granulif orm spinelets with rounded 
or bluntly points tips directed upward or distally. 
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Inf eromarginals not extending laterally beyond Buperomarginals. 
Lateral spines 2, tapering and sharp, situated at outer end of 
plate, the upper the longer and equal to a little over 2 plates in 
length. Sometimes a third very much smaller spine is added at the 
inner end of series but is not constant. Spaced from the lateral 
spines, near inner end of plate and aboral margin is a smaller, 
sharp, flattened appressed spine a little longer than its plate; at the 
base of ray there are usually 1 to 3 additional similar spines 
forming a series continuous with the lateral spines. If the number 
of lateral spines is represented by Roman numerals and the acces- 
sory actinal marginals by Arabic, the spine formula for the first 
inferomarginal of type is 0+4 or 6 or 1+4 or 5; for the second, 
II+3 or 4; for the third II+2, 3, or 4 ; for the fourth, II+2, 3, or 4 : 
from here it is II+2 usually or in those specimens in which the 
third small lateral is not developed, II+l. The inner actinal spinule 
usually disappears on the outer third of ray, while the accessory or 
third lateral persists, if it happens to be present at the base of 
ray. The spine formula for the outer third of ray is commonly 
II+l, or II+O. The general surface of plates is armed with spaced 
lanceolate sharp, or exceptionally, blunt flattened spinelets directed 
outward, 2 to 4 being enlarged and forming a series adorally to 
the lateral spines. These sharp spinules were not reckoned in the 
above formulas, as they stand entirely out of line of the transverse 
series. 

Terminal plate rather small, about as wide as long with a notch 
at both distal and proximal ends, between which runs a shallow 
sulcus. 

Adambulacral armature: (1) A furrow series of 3, the middle the 
longest, curved, compressed but slender, with sharp edge toward fur- 
row, the laterals a little shorter only slightly flattened, slenderer, 
tapering, and pointed. (2) On the actinal surface, a longitudinal 
series of 8, the median about as long as the middle furrow spine, flat- 
tened and sharply or bluntly pointed, the laterals much slenderer, 
and about two-thirds as long as the median. Sometimes only 2 
stand in this series. Back of these, 3 or 4 much shorter and slenderer 
spinules form a series or group. A large specimen (locality uncer- 
tain) has all the subambulacrals flattened and round tipped, the en- 
larged spine being spatulate. The first adambulacral is much com- 
pressed and bears 2 transverse contiguous rows of numerous slender 
spinules, and has no enlarged subambulacral, but the second plate, 
although compressed somewhat, bears an enlarged spine. 

Mouth plates narrow and small, each traversed by 2 parallel series 
of spines ; the marginal with about 15, small slender spines or spin- 
ules, similar to those of the first adambulacral, the inner 2, abruptly 
enlarged, flattened, and roimd tipped. The superficial spinules are 
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slightly longer and stouter and the inner spine of each series is some- 
times enlarged (as in type) forming 2 tiers of teeth (3 to a plate) at 
the inner angle. 

Actinal intermediate plates 2 to 4, typically with a group of spine- 
lets, the central ones sometimes coordinated to form a pedicellarian 
apparatua 

Madreporic body oval, medium sized, obscured by paxillae, some of 
which arise from its surface. It is situated less than its own dia- 
meter from marginal plates. 
. Color in alcohol, sepia. 

Variations and young. — ^A well-marked variety probably from 
station 6134, 25 fathoms, perhaps deserve a name. It differs from 
the typicfj form in having coarser, more squamiform and blunter 
inferomarginal spinelets, 2 marginal spines, without a third smaller 
one directly below and frequently only 1 spine on the actinal sur- 
face of plate. As a result the inferomarginals appear less spiny. 
The first superomarginals have a small tubercular or clavate spine at 
the upper end, and the second and third plates show an incipient one. 
The rays are very long, but all are incomplete. The proportions 
would probably be : R=about 8 r. 

Twenty-nine small specimens ranging in size from R=9.5 mm. to 
R=19 mm., all from station 5182, seem to be a small variety of this 
species, although at first they appear to be quite distinct. Coming 
from shallow water they resemble more closely the aberrant example 
from station 5134, but have much shorter rays. These small exam- 
ples recall both Astropecten zebra and A. granulatvs^ but the distin- 
guishing marks are given below. 

The largest specimens have R=19 mm., r=5 mm., R=3.8 r ; breadth 
of ray at base, 5 to 6 mm. ; rays tapering evenly to pointed extremity ; 
superomarginals about 20 to 24, forming a rounded bevel to margin, 
and not encroaching upon paxillar area farther than in adult. Six- 
teen specimens, ranging in size from R=9.5 mm. to E=19 mm. have 
no sign of special superomarginal spines ; 6 specimens varying from 
R, 17 to 19 mm., have a small tubercle on some but not all of the first 
superomarginal plates; 1 or 2 have tubercles on the second plates in 
1 interbrachium; 7 examples of the same size have 2, 3, or 4 (more 
often only 2) short tubercular superomarginal spines in each inte- 
brachium. The specimens with R over 17 mm. have gonads fairly 
well developed. The inferomarginal armature consists of 1 marginal 
spine and a shorter companion, and a few specimens show the rudi- 
ments of the actinal spines. The armature is similar to Sladen's 
figure of A. granvlatug but the spinelets are slightly less squamiform. 
Ten out of the 13 specimens with superomarginal spines have 2 pecti- 
nate actinal intermediate pedicellariae, just back of the mouth plates. 
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Of the 16 lackiiig superomarginal spines, only the 2 largest (B=19 
mm.) have the pedioellariae; the other 14 (with R less than 14 mm.) 
either lack the pedicellariae, or have them in a very incipient stage. 
The outer row of subambulacral spinelets is lacking in these small 
specimens, otherwise the armature is very similar to that of the large 
examples. The paxillae have 1 or 2 central and 8 to 12 peripheral 
spinelets, relatively shorter and stouter than in the adult The ter- 
minal plate has 4 terminal conical epinelets. 

These small specimens differ from Astropecten granulaiua in hav- 
ing narrower superomarginals, which form a narrower border to 
pazillar area, and distally narrower rays which taper evenly to a 
point (not swollen) ; in having often small interbrachial supero- 
marginal spines and large pectinate actinal interradial pedicellariae, 
very much smaller mouth plates and a much slenderer terminal plate. 
The inf eromarginal armature is similar but the spinelets of grawur 
latua as figured by Sladen are a little more squamiform. 

The Efpecimens with superomarginal spines might be taken for 
A. eebrd, but they have narrower superomarginals, smaller paxillae, 
fewer inf eromarginal spines and less squamiform spinelets, smaller 
mouth plates and a slightly different adambulacral armature. 
Very young monacanthiLs has the curious chaffy inferomarginal 
spinelets of the adult, only one marginal spine, and the very char- 
acteristic broad spatulate subambulacral spines. It lacks, of course, 
the superomarginal spines. 

It remains to add that one of the most striking features of this 
species is the rapid increase in the length of ray relative to disk as 
the animal grow& The smallest of the deep-water typical specimens 
measures: B, 42 mm., r 7.6 mm., B=6.6 r; the next size has B, 52 
mm.; r, 8 mm.; B=6.5 r. In the type B=7 r and in the large 
shallow-water variety B= about 8 r. 

Type.— CBit No. 37005, U.S.N.M. 

Type-locdlUy. — Station 6S9S, between Samar and Masbate Islands, 
Philippine Islands, 136 fathoms, hard sand. 

Distribution. — From Masbate Island, Philippine Islands, to Sulu 
Archipelago, the last locality somewhat doubtful. Typical form in 
108 to 186 fathoms, sand ; varieties in shallow water. 

Specimens examined. — ^Typical, 4; from the type-locality, 8, and 
1 from station 5212, between Masbate and Talajit Islands, Philip- 
pine Islands, 108 fathoms, gray sand, mud. 

Twenty-nine small specimens from station 5182, off eastern Panay, 
24 fathoms, fine sand and mud. At this station were taken also 
A. velitaris and A. monacamihuB. 

One large specimen, not typical, from station 5184, Sulu Archi- 
pelago, near Basilan Island, 25 fathoms, fine sand; this locality is 
marked doubtful. 
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Remarks. — ^This Efpedes resembles most nearly Aatropecten grarm- 
lotus as redescribed by Sladen. The fully grown typical specimens 
differ from granviaius in having much longer, narrower rays, a 
different inferomarginal armature and smaller mouth plates. The 
differences between the small Efpecimens and gramfuiatas have been 
detailed under ^ Variations." 

Astrapecten notograptus Sladen from the Mergui Archipelago 
bears some resemblance to the young of this species. Sladen's type 
measures B, 16.5 mm. ; r, 6 nmi. It differs, however, in having much 
larger paxiUae, with short granulif orm armature, and broader su- 
peromarginals (which, like some of the young eucnends^ have a 
tubercle on the first member) ; in having the marginal plates and 
adambulacral armature very closely resembling that of young Astro- 
peeten monacanthus^ even to the characterise spatulate subambula- 
end spines. The inferomarginal spinelets are, therefore, very 
aqoamif orm. In fact, notograptus is extremely close to monacanthus. 

This species falls in the monocanthus group of Doderlein, who 
subdivides the section on the presence of inferomarginal spines on 
the aboral edge of the plate {granulatus^ orientaUs) ; or on the ab- 
sence of such spines (or ^^ mit undeutlichen Stachelen— die ersten 2 
Flatten konnen kurze Stacheln tragen"). The second subsection 
includes nuynctccmthvs^ notograptus^ granulatus^ mdiousj bonnieri^ 
sarastiwrum new, malayanus new, umbHnus^ pusiRus, A. euonemis^ 
with its long rays and inferomarginal spines, is quite distinct from 
either orientaUs (having broad, heavy superomarginal plates) or 
grmwlatus. 

ASTSOPBCTEN EBBMICUS Ftiher. 

Plate 18, fig. 2; plate 15, figs. 8, 8a--e. 
Astropeeten erenUcus Fishxb, 1913a, p. 005.— D<}debl]ein, 1017, pp. 50, 175. 

Diagnosis. — ^Disk small, rays flexible and fairly long; relation of 
B to r variable, in type, R=51 nun., r=9 mm., R=5.66 r; breadth 
of ray at base, 11 mm. Paxillae small, not crowded, and with few 
spinelets; abactinal spiniform pedicellariae ; superomarginals un- 
anned, wholly abactinal ; inf eromarginals extending laterally beyond 
superomarginals; lateral spines 2, the upper the longer, and equal- 
ing about 2.5 plates in length, and in addition an actinal marginal 
spine near the adambulacral plates (on proximal half of ray) ; 
adambulacral plates with 4 or 5 slender furrow spines, and 5 or 6 
similar subambulacral spines in 2 longitudinal series; sometimes a 
prominent subambulacral pedicellaria with 4 to 6 spiniform jaws is 
present. 

Description. — ^Paxillar area narrow on ray. Paxillae small and 
spaced, with slender, relatively high pedicels bearing a few cylin- 
drical delicate blunt membrane invested spinelets, slightly shorter 
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to slightly longer than pedicel, the whole about 1 mm. high. Each 
paxilla has a broadly elliptical base and 5 to 8 spinelets, of which one 
usually occupies the center, except on the distal half of the ray, where 
the paxillae are smaller, and have 4 or 5 spinelets, or at tip as few 
as 2. There is usually, but not always, a slight prominence at center 
of disk. The papulae extend about half the length of ray. Scat- 
tered over abactinal surface are fairly numerous pedicellariae borne 
on special plates, and with usually 4 spiniform jaws nearly as thick 
as the pedicel of a paxilla. 

Superomarginals (36 to 88) dorsal in position (the upper ends of 
the inferomarginals forming the margin to ray) and forming a con- 
spicuous, slightly rounded border to the paxillar area. The plates 
are proximally wider than long but on outer portion become slightly 
longer than wide. They bear no special spines but are covered with 
slightly spaced lanceolate pulpy spinelets very sharp on central por- 
tion of plate (where they are directed toward end of ray), but blunt 
on the edge. Here they close over the deep f asciolar grooves, lined 
with capillary spinelets. As in the case of the paxillae, the calcareous 
spinelet is really very delicate and the various proportions and shapes 
of the superomarginal papillae are due to the membranous invest- 
ment. 

Terminal plate fairly large, notched at tip and with deeply con- 
cave margin toward paxillar area. The surface is covered with 
minute spinelets, and in addition 8 needlelike spines, 4 on either 
side at the tip, the 2 central ones of each series being the longest, and 
usually a little longer than the plate, as seen from side. 

Inferomarginals extending laterally beyond superomarginals about 
half the width of the latter and forming a beveled border to actinai 
surface. The width of the plates equals about the length of 2, in- 
cluding the fasciolar groove. General surface covered with large 
spaced pulpy lanceolote spinelets which abactinally become much 
smaller and grade into the superomarginal spinelets. These spinelets 
are directed outward and aborally, and are usually sharp, except at 
inner end of plate. Lateral spines, usually 2, the outer and upper (on 
the upper end of plate) the longer (equaling 2.5 plates in len^h) 
tapering, flattened, and very sharp. The second, about two-thirds to 
three- fourths the length of the first, is spaced from it slightly, and 
is much slenderer and more nearly cylindrical, although flattened 
obviously at the base. Rarely a smaller spine makes a third in this 
series. Rather nearer the inner edge of plate than base of second 
lateral spine, is a much shorter and more delicate spine, which is 
well-developed only on the proximal half of the ray. It is analogous 
to the inner inferomarginal spine of A. phragmorua. 

Ambulacral furrow wide; tube feet large, with sharp point. 
Adambulacral plates with wide sutures and strongly convex furrow 
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margin, which bears (instead of the usual number of 3) 4 or 5 long, 
slender, tapering, pointed, membrane-inyested spines, that on the 
apex of the angle the longest and a trifle flattened. The subambu- 
lacral spines are slightly shorter, and although the calcareous por- 
tion is slender and needlelike, the light brown pulpy, translucent 
inyestment is swollen (as in all the other actinal spinelets), so that 
the spinelets appear to be stout clavate, and pointed. There are 
usually about 5 (as many as 7) in 2 longitudinal series, or less often 
irregularly placed. A variable number of plates (for instance 6 to 
7 on either side of a furrow) bear a conspicuous conical pedicellaria 
with 4 to 6 lanceolate spiniform jaws, very much stouter, but shorter, 
than the subambulacral spines, which the pedicellaria partly or 
wholly replaces on its particular plate. These pedicellariae are simi- 
lar to those on the paxillar area. The first adambulacral is con- 
siderably compressed and often bears a pedicellaria. 

Actinal intermediate plates very few (about 6) their 5 or 6 spine- 
lets coordinated to f onn a pedicellarian apparatus similar to those of 
the adambulacral plates. Occasionally the spinelets are not quite so 
specialized, as if in a transition stage from a low paxilla to a 
pedicellaria. 

The combined mouth plates narrow, but 4 enlarged teeth at 
inner angle (the 2 median the longer), and 8 or 4 spines of 
about the same size at the outer angle of each plate. Between the 
two groups, the plates are covered with smaller spinelets, the super- 
ficial the largest, those toward edge decreasing in size. On either 
side of the median suture on some plates these spinelets are arranged 
in a fairly regular series, with about 2 additional irregular series 
toward the margin. The true marginal spinelets are small, save for 
the teeth, and form an angular series, with the angle at the inner end 
of the plate near the teeth. The armature of the mouth plates is 
rather confused and irregular. The enlarged outer superficial spines 
aie characteristic. 

Madreporic body small and partly or wholly hidden by paxillae. 
It is situated close to the superomarginal plates, sometimes nearly 
tonching them, sometimes its own diameter distant. The striae are 
few, coarse, and are nearly parallel with interradial line. 

The general color is a light brown, darkest on the actinal surface, 
or a washed-out yellow ochre. In the darker specimens the color is 
lodged in the epidermis investing the spinelets. 

Type.— Cvit. No. 80511, U.S.N.M. 

Type-locality. — Station 5491, Surigao Sea, between Leyte and 
Mindanao, 736 fathoms, green mud and coral. 

Distribution. — Off southern Luzon to Surigao Sea, between Leyte 
and Mindanao, 580 to 786 fathoms. 
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Specimens excmmed. — ^Ten from the following Philippine locali- 
ties: 

Station 6219, between Marinduque and Luzon, 580 fathoms, green 
mud; 2 specimena 

Station 6491, Surigao Sea, between Leyte and Mindanao, 786 
fathoms, green mud, coral ; 1 specimen. 

Station 6492, Surigao Sea, between Leyte and Mindanao, 785 
fathoms, gray mud; 8 specimens. 

Station 6494, Surigao Sea, between Leyte and Mindanao, 678 
fathoms, green mud, sand; 4 specimena 

Remarks. — Astropecten eremious resembles in general appearance 
A. Imordcus and A. tensUus^ from which it differs in the entire ab- 
sence of superomarginal spines, in regularly having 4 or 5 fur- 
row spines, as well as in several special features detailed under 
each of the above species. The absence of superomarginal spines and 
the presence of abactinal, actinal intermediate, and subambulacral 
pedicellariae will suffice to distinguish erendcus from A. griegi 
Koehler, also a deep-water species with slender rays. There is a 
great resemblance between eremicus and A. pusiUulus Fisher from 
the Hawaiian group. Both have slender rays, and the same type of 
slender spinelets with a brownish pulpy investment PusUkdius has 
but 8 furrow spines, the median stouter and wider than in eremi' 
eusj being much flattened; paxillae with lower pedicel and shorter 
spinelets; no actinal inferomarginal spine in addition to the two lat- 
eral spines (except sometimes on the first 2 or 8 plates) ; shorter 
rays and relatively larger disk. PusiUulus lacks abactinal pedi- 
cellariae, but has adambulacral and actinal intermediate ones 
similar to those of erem/icus. I think the two species are closely re- 
lated. (See Fisher 1906, p. 1008, pi. 1, fig. 3, pi. 2, fig. 4, ior^.) 



ASTBOPECTEN LUZONICUS 1 

Plate 12, fig. 2; plate 18, fig. 8; plate 14, figs. 4, 4(^-&. 
Aatropecten luzonicus Fisher, 1913a, p. 006. — ^IKSdebijcin, 1917, pp. GO, 175, 

Diagnosis. — Similar to A. eremicus^ but with longer, Narrower 
rays; a small tubercular spine on the first few superomarginal 
plates; only 8 furrow spines beyond the first 5 or 6 plates; armature 
of each mouth plate in 2 regular longitudinal series. Disk verj 
small, rays long, slender, and very flexible; paxillar area narrow; 
paxillae small, delicate; lateral spines 2 or 8; furrow spines 3; 
subambulacrals 2 to 4, none enlarged. 

Type, R=68 mm., r=9 mm., R=7.65 r ; breadth of ray at base, 9 tc 
10 mm. 

Description. — ^PaxiUae small and spaced, very similar to those oi 
Astropecten eremicusj having a slender pedicel, capped by 5 t< 
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8 slender, blunt membrane-inyested spinelets, as long as or slightly 
longer than the pedicel, which springs from a broadly elliptical 
base— Kme conspicuously larger than the caliber of the pedicel. 
Pazillae fairly uniform in size except on low eminence in center of 
disk, and far along ray, where they are smaller and lower, those on 
the outer third of ray having 6 to 2 spinelets. Papulae absent 
from center of disk and median area of ray. They extend along 
either side of the ray in a narrow band as far as the middle. The 
paxillar area is narrow, beyond the middle occupying but a little 
over the median third of tiie entire width of ray. Pedicellariae, 
similar to those of eremdeus^ but smaller, are present among the paxil- 
lae, but are very few and inconspicuous. 

Superomarginal plates, about 55 to each side of the ray, similar 
to those of A. eremicus in form and position, but the central spine- 
lets are not sharp and squamiform as in erermcw; rather, they are 
blunt and clavate, or cylindrical. 

The first 5 to 10 plates bear, at the upper end of the plate, slightly 
spaced from the inner edge, a small upright conical, sharp, tubercular 
spine. This rapidly decreases in size and merges into title spinelets, 
and may be lacking on the first superomarginal. 

Terminal plate similar to that of A. eremiouSj with 2 to 4 slender 
^mes on either side of the tip. 

Inferomarginal plates similar to those of A. erenUcWy forming 
the margin of ray and covered with coarse, spaced, sharp pulpy 
q>ineleta Lateral spines, 8 proximally and 2 distally, the upper, the 
longer and stouter, being sharp, flattened and narrowly lanceolate. 
The others are narrower and shorter, the lowest (when there are 8) 
being the smallest. In some specimens only the first few plates have 
8 lateral spines, the rest having 2 ; and one large specimen (station 
5368) has only 2 throughout. The small spine near the inner end of 
the plates of A. eremicus is lacking except rarely on the first 2 or 8 
plates. Six or 8 plates, scattered throughout each side of the ray of 
type, bear a large spiniform pedicellaria with 4 to 6 jaws near the 
inner end. This is either absent or of very rare occurrence in the 
other specimens. 

Adambulacral plates with 8 furrow spines (except on first 6 to 
7 plates where there are 4), the middle spine conspicuously the larger, 
blunt, flattened, and saberlike, the laterals slenderer, subterete, and 
pointed. The actinal surface of the plate, which is not ext^isive, 
bears 2 to 4 shorter, sharp spinelets in 1 or 2 series ; none of them are 
especially enlarged, so that they are subequal, or one on outer part of 
plate may be much smaller. 

Owing to the pulpy investment the caliber of 'the subambulacrals 
18 variable — sometimes slender, sometimes stout. No subambulacral 
pedicellariae. 
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Actinal intermediate plates 6 or 6, each with a spiniform pedicel- 
laria with 4 to 6 jaws. 

Mouth plates similar to those of A. eremicua but the spines in two 
definite, regular longitudinal series to each plate, not irregular. 
Marginal series angular with 7 or 8 spines, slightly shorter than the 
lateral furrow spines, the 2 inner abruptly enlarged to form stout, 
blunt teeth; the series is continued adjacent to first adambulacral in 
about 6 little spinelets. The superficial series contains 7 or 8 much 
thicker, bluntly pointed, lanceolate spines (in line with the inner 
tooth) the outer 1 or 2 slightly enlarged. 

Madreporic body near to but not touching superomarginala It 
is small, partly obscured, and crossed by few, coarse striae radiating 
from the middle of the adcentral side. 

Color in alcohol, bleached yellowish or brownish. 

Variations. — ^The chief yariations in armature have already been 
indicated. It remains only to point out that the smaller specimens 
have relatively shorter rays, although still slender. A specimen from 
station 6112 measures as follows: R=35 mm., r=6 mm., B=5.8 r; 
breadth of ray at base, 6 mm. 

Type,— CKt. No. 30512, U.S.N.M. 

Type-locality. — Station 5112, Balayan Bay, southern Luzon, 177 
fathoms, dark green mud, bottom temperature 52.4° F. 

Distribution.— OS, southern Luzon, Philippine Islands. 

Specimens examined. — Seven from the following stations: 

Station 6111, Balayan Bay, southern Luzon, 236 fathoms, green 
mud; 1 specimen. 

Station 5112, same locality, 117 fathoms, dark green mud; 4 
specimens. 

Station 5863, same locality, 180 fathoms; 1 specimen. 

Station 5365, same locality, 214 fathoms; 1 specimen. 

Rem/xrks. — ^This species, while resembling Astropecten eremicuSj 
differs in having longer and slenderer rays, small tubercular spines 
on the first few superomarginal plates, only three furrow spines, no 
adambulacral pedicellariae, mouth plates with two regular length- 
wise series of spines, no small spine near the inner end of the inf ero- 
marginal plates, very few abactinal pedicellariae, terete, or clavate 
spinelets on the surface of the superomarginal plates. The mouth 
spines are not irregular, but arranged in two regular longitudinal 
series on each plate. 

ASTROPECTEN TENELLU8 ] 



Plate 11, figs. 1, 2 ; plate 15, figs. 1, la^b. 

AHropecten teneltus Fisheb, 1913a, p. 606.— DQdeblein, 1917, pp. 50, 176. 

Diagnosis. — ^Very similar to Astropecten griegi Koehler, from 
which it differs in having a few abactinal pedicellariae among the 
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paxiUae; in lacking a special spine on the distal superomarginals; in 
haying very sharp, flattened inf eromarginal spinelets, and proximally 
several spinules along the aboral edge of the inferomarginal plates 
Tentral to the lateral spines; in having the median furrow spine con- 
spicuously flattened, not cylindrical; in having proximally adam- 
bulacral pedicellariae. Disk small, rays long and slender. R=:108 
mm., r=10 mm., S=10.8 r ; breadth of ray at base, 11 mm. A smaller 
specimen, however, measures as follows: Il=:48 mm., r=:6 mm., 
E=8r. ' 

Description. — Paxillar area very narrow on rays, as is griegi. 
Pazillae fairly compact, with a rather stout pedicd surmounted by 
a tuft of delicate, cylindrical, blunt spinelets slightly longer to 
slightly shorter than the pedicel. Commonly there is a central 
spinelet surrounded by 8 to 12 on the periphery of pedicel; far 
along the ray the paxillae become lower, and the spinelets are fewer. 
There are a few pedicellariae with about 4 upright spiniform jaws, 
shorter than the paxillae, scattered over disk and proximal portion 
of ray. 

Superomarginals forming a conspicuous arched bevel to abactinal 
area, dorsal in position, proximally wider than long, distally longer 
than wide, covered with small, spaced, blimtly pointed spinelets 
usually a little larger, more squamiform, and appressed on center 
of plate. In grnegi these spinelets are extremely short in the median 
region, becoming longer toward the transverse margins; in tendlus 
they are the reverse. The plates bear a tapering, slightly flattened, 
diarp spine about as long as the plate on the upper (or inner) end 
and aboral margin. Barely there are 2 spines. This spine is lacking 
from the terminal fourth or fifth of the ray. In griegi the spine 
seems to continue to the end of the ray. 

Inf eromarginals covered with coarse, lanceolate, mucronate, squami- 
form appressed spinelets. or in small specimens with slenderer, more 
terete, and pointed ones. They bear 3 or 4 conspicuous, slender, 
flattened, sharp, lateral spines placed as in gr^gi at the upper end 
of plate along the aboral edge; and continuing this series to the inner 
end of plate are, on the proximal plates, 3 to 5 shorter, slenderer, 
spinules evidently enlarged from the spinelets covering the plate. 
Distally these spinules are scarcely more than slightly enlarged 
spinelets, and are few in number and of irregular occurrence. 

Adambulacral plates well spaced and rather short. Furrow spines 
3, rather long, the median slightly the longest, flattened, saber-shaped 
and pointed, the other two more cylindrical, slenderer, tapering, and 
pointed. Subambulacral spines: Back of the furrow series, a 
digfatly ohlique longitudinal series of 8, the aboral the largest, and 
usually longer than the median furrow spine; the others are decreas- 
ingly shorter. Back of these there are 3 to 5 shorter, slender spinules 
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either in a series or irregularly placed, which grade the spinulatioii 
of the adambulacrals into that of the inferomarginals. Sometimes 
the enlarged subambulacral stands on the furrow margin, appearing 
to form one of the furrow series. A few proximal plates may have 
4 furrow spines (not counting a subambulacral out of position). In 
a specimen from station 6518 the first and second plates bear a con- 
spicuous conical subambulacral pedicellaria composed of about 6 
spines. The type has 1 or 2 and a cotype has several, so that it 
seems to be a constant character. 

The actinal intermediate plates are few and bear a tuft of spine- 
lets about as long as the outer subambulacrals or a conical spinif orm 
pedicellaria. Pedicellariae are not mentioned in the description of 
griegi. 

The armature of the mouth plates (which are of the type of 
eremicus and Imonicus) consists of a marginal series of 7 or 8, in 
creasing in length toward the inner end of the plate — the combined 
plates having either 4 or 6 enlarged, blunt teeth. The superficial 
spines are not in regular series, are numerous, and coarse. They cor- 
respond to about 2 series. 

Madreporic body less than its own diameter distant from supero 
marginal plates and nearly obscured by paxillae. 

Type.—C9t. No. 80518, U.S.N.M. 

Type-locality, — Station 5458, Albay Gulf, east coast of southern 
Luzon, 146 fathoms. 

Distribution. — Southern Luzon to Mindanao Sea, Philippine Is- 
lands, 146 to 200 fathoms. 

Specimens examined. — ^Eight; 4 from the type-locality; 2 from 
station 5518, Mindanao Sea, off Point Tagolo, Mindanao, 200 fathoms, 
gray mud, globigerina, bottom temperature, 54® F.; and 2 froni 
station 5268, Batangas Bay, Luzon, 170 fathoms, sand and shells. 

Remarks. — ^The differences between this species and A. griegi (Bay 
of Bengal, Indian Ocean, 130 to 464 fathoms) have been mentioned 
in the diagnosis and description. It differs from A. eremicus in 
having much longer, slenderer rays, supcromarginal spines, only 3 
furrow spines, and an enlarged subambulacral spine; and from 
luzonicus in having the superomarginal spines extending far along 
ray, not confined to the base; in having laiger paxillae, fewer sub- 
ambulacral spines, of which 1 is enlarged, no inferomarginal pedi- 
cellariae, a few proximal subambulacral pedicellariae, and a row of 
accessory inferomarginal spinules, below the lateral spines. The 
superficial mouth spines are more numerous, and not in a single, 
regular series, as in luzonicus. 

Astropecteii imbeUis Sladen from 100 fathoms off Tablas Island, 
Philippine group, is a young form : Of the 4 species eremicus^ luzonr 
icus^ teneUus^ and pediceUaris 1 think it can be confused only with 
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teneUWj which it resembles in having the superomarginal spines 
extending as far as the middle of ray. This would cut out eremioiUy 
which entirely lacks superomarginal spines, and hiBonicuSj in which 
the spines^oocur only at the base of ray* If, however, a small speci- 
men of luzomcus (B=:30 mm., r=6 mm., B=5 r) only slightly 
larger than Sladen's type is compared with his figures and descrip- 
tion the following additional differences are evident In luaomcw 
the rays are much slenderer, the paxillar area narrower, and such 
superomarginal spines as are present, shorter. There are 2, not 3 or 4, 
lateral spines, the superficial mouth spines are conspicuously stouter 
than the lateral marginals and in a single series. The median furrow 
spine is strongly compressed and longer than the laterals. 

There is a specimen of teneUua with Bs=22 mm., r=:4.6 mm., 
B=slightly less than 5 r. (In imbellis B=24 mm., r=:7 mm., 
B = 3.43 r.) The rays of teneUu8 are longer and slenderer than 
those of imbeUis^ even though the specimen is smaller, the paxillar 
area is relatively narrower, one of the subambulacral spines is con- 
^icuously enlarged and all are longer than in imbelUsj interradial 
pedicellariae are present, and the inf eromarginal spinelets are spaced, 
sparser, sharp, and closely appressed. The aboral line of accessory 
spinnles characteristic of the adult has begun to develop. 

The numerous pedicellariae of pediceUaris^ as well as its propor- 
tions and adambulacral armature will serve to distinguish it from 
imbellis. 

ASTBOPBCTEN PEDICELLABIS FWImt. 

Plate 12, fig. 1; plate 38» fig. 4; plate 15, figs. 2, 2a-e. 
Agtropecten pediceUaria Fishkr, 191Sa, p. 607. — ^DdDSBUON, 1917, pp. 50, 176. 

Diagnosis^ — Similar in general appearance to A. tenellus^ but dif- 
fering in having abundant abactinal and adambulacral pedicellariae 
as well as pedicellariae on superomarginal and inf eromarginal plates, 
smaller paxillae, narrower superomarginal plates, and more promi- 
nent lateral spines, which are 4 in number, except on outer third 
of ray, where 3 are present. Bays long and slender; paxillar 
%rea narrow. B=74 mm., r=9 mm., R=8.2 r; breadth of ray at 
base, 9 to 10 nmi. 

Description. — ^Paxillae similar to those of A. eremdcus. Spinelets 
terete, blunt, usually as long as or a trifle longer than pedicel; and 
on the largest paxillae of interradial areas there is 1 central 
qpinelet and 9 or 10 in a peripheral ^ries; halfway along ray there 
aie 6 or 7 in a peripheral series and no central spinelet. Scattered 
over the paxillar area are numerous conical pedicellariae with 3 to 6 
blunt, tapering, spiniform jaws which are slightly longer than the 
pedicels of paxillae. 
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Superomarginals, 43 to 44 (on longest ray), slightly longer than 
wide, except at base of ray, and covered with short spinelets, slightly 
flattened, lanceolate, and blunt on center of plate, slenderer and 
terete at sides. Each plate on the proximal three-fourths of ray 
bears, at the upper end slightly aborally from center, a conical sharp 
spine (as in teneUus)^ about as long as the plate. Most of the 
plates bear also, near the center, a low, dome-shaped, fasciculate, 
pedicellaria composed of 4 to 8 slightly modified stubby spinelets. 
These pedicellariae are somewhat irregular in position and 2 are 
occasionally present. Their spinelets are thicker than the neighbor- 
ing spinelets. 

The inferomarginals extend laterally beyond the superomarginals 
defining the border of ray, as in eremioiu, Imonious^ and t€7ieUxi9. 
Lateral spines 4, or 3 on outer third, slender, tapering, sharp, and 
sometimes slightly curved ; and, in addition, the plates of the proxi- 
mal third continue the series to the inner end of plate, with 1 or 2 
shorter, slenderer, but well-developed spinules. The uppermost 
spine, or the second, is the longest and proximally equals 2.5 plates. 
The spinelets of the inferomarginals are coarse, tapering, and bluntly 
pointed. Most of the proximal plates bear a small fasciculate pedi- 
cellaria at the upper end, near the base of the first spine; and on the 
ventral surface of nearly all the plates are 1 to 8 similar but larger 
pedicellariae. 

Adambulacral armature: (1) Furrow spines, 3, the median com- 
pressed and thin, with a rounded, or blunt, point, the laterals a trifle 
shorter, tapering, and much slenderer. (2) On the actinal surface, 
back of the furrow series, a series of 2 or 3 spines similar to those of 
teneUus^ the aboral member enlarged, tapering, slender, flattened, 
blunt-pointed and a little longer than median furrow spine; behind 
these are 3 to 5 shorter spines. Instead of this arrangement, many 
plates have the subambulacrals nearly equal and grouped to form a 
pedicellaria. In this case the spines are especially modified and 
encircle a pit in the plate; jaws usually 4 to 6. Barely the 2 lateral 
furrow spines form part of the pedicellaria, there being then only the 
median left. On some plates simply the outermost 3 or 4 spines form 
a small pedicellaria. Almost all possible combinations occur. 

Mouth plates narrow, as in the foregoing species. Spines irregular. 
There are 4 teeth at the inner end of the combined mouth plates; 
marginal spines small, forming an angular irregular seriea Super- 
ficial spines forming an irregular crowded series along either side of 
the suture, the outer 1 or 2 of each series being enlarged. 

Actinal intermediate plates few and armed with a fasciculate 
pedicellaria, with 4 to 6 slender jaws, and with several additional 
spinelets at the base. 
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Madreporic body hemispherical, small, about its own diameter 
distant from margin, and traversed by few course, irregular striae 
parallel to interradial line. 

Typ^.— Cat. No. 30514, U.S.N.M. 

Type-locality. — Station 5424, Sulu Sea, off Cagayan Island, Caga- 
yanes Islands, 840 fathoms, coral sand, bottom temperature 50.4'^ 
F. ; 1 specimen. . 

Distribution. — ^Bjaown only from the type-locality. 

Remarks. — This form seems to be most closely allied to A. teneUuSy 
which it resembles in having long rays, superomarginal spines on all 
but the distalmost superomarginals, and rather numerous subambu- 
lacral spines, of which 1 is enlarged. The general appearance of 
the two species is much alike. It differs from teneUus in having 
abundant abactinal and adambulacral pedicellariae, and pedicellariae 
on the superomarginal and inferomarginal plates; in having smaller 
paxillae, narrower superomarginal plates, less appressed, less flat- 
tened, and shorter superomarginal spinelets, and longer and more 
bristling lateral spines. In teneUus there are usually 3 of these, 
but in pediceUaris there are 4, except far along ray, and these 4 are 
nearer of a size than in tenellus. The presence of numerous pedi- 
cellariae on the adambulacrals alters the armature of those particu- 
lar plates, but otherwise the arrangement of spines is much alike. 
The enlarged spine is relatively a little shorter in pediceUaris. 

PediceUaris differs from griegi in the presence of pedicellariae, 
which are entirely lacking in that species, and, in addition, in having 
no spine on the distal superomarginals, and in having a compressed 
median furrow spine. 

From eremicus^ pediceUaris differs in having longer rays, supero- 
marginal spines and pedicellariae, only 3 furrow spines, an en- 
larged subambulacral, more numerous lateral spines and abundant 
inferomarginal pedicellariae. From luzomcus it differs in having 
superomarginal spines far along ray, superomarginal pedicellariae, 
more abundant abactinal pedicellariae, more numerous lateral spines, 
pedicellariae on the upper end of inferomarginals, more numerous 
superomarginal spines far along ray, superomarginal pedicellariae, 
spine& Luzordcusy teneUtiSy pediceUaris^ and griegi are long-rayed 
forms; eremicus has much shorter rays while retaining the same 
general facies. It is possible that teneUus^ pediceUaris^ and griegi 
are forms of the same species, as they are similar in general appear- 
ance and in certain details, as for example in the arrangement of the 
adambulacral spines, &nd the presence of an enlarged subambulacral 
spine. Griegi^ however, lacks pedicellariae, and several other differ- 
ences have been listed above. It is not possible to solve the question 
with the available material. 
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GeniiB CTENOPLEURA Fisher. 

Ctenopleura Fisheb, 1913o, p. 008. Type, C a9tropectinide9. 

Diagnosis, — ^Allied to Astropecten^ but differing in having the 
gonads in a crowded series parallel to the marginal plates, and 
extending about a third the length of ray; inferomarginal plates 
with a lateral, oblique, compact comb of 3 to 6, usually 4, slender 
appressed spines, closely resembling the lateral \^omb of Pene- 
phoTUister^ and in addition 1 to 5 flattened, appressed spines on the 
actinal surface; adambulacral plates with usually 4 or 6 furrow 
spines (or, on the second and third plates, sometimes 6 or 7) in- 
stead of 3, the usual number in Astropecten; subambulacral spines 
small, none enlarged ; often a fasciculate subambulacral pedicellaria 
is present; Polian vesicles 6. Other characters as in Astropecten. 

Remarks. — ^This genus includes also Astropecten ludwigi de Loriol, 
of Japan, in which the gonads are arranged in series extending 
about a third the length of the ray. In Astropecten the gonads form 
a single tuft on each side of the interbrachial septum. C. ludwigi 
is rather closely related to C. astropectimdes. Both have the general 
appearance of Astropecten^ although the armature of the marginal 
plates is more like that of Persephonaster. A few species of Astro- 
pecten have 4 or 5 furrow spines proximally, but the usual number 
is 3. Many species of Astropecten have 6 Polian vesicles, but I am 
not certain that the character is of generic value. 

The arrangement of the gonads in series will separate Ctenopleura 
from Leptychaster^ Bathyiiastery Psilaster^ Blakiaster Astromesites^ 
Ctenopkorasterj Persephonaster^ Tritonaster^ and Patagiaster. The 
very restricted development of the actinal intermediate plates will 
at once distinguish it from other Astropectinidae having serially ar- 
ranged gonads, such as Antliosticte^ Tethyaster^ ThrissacantMas^ 
Dipsacaster, and Plutonaster. The armature of the marginals will 
separate Ctenopleura from Lonchotaster and Ripaster in which the 
gonads are not described, while Sideriaster and Moiraster are distin- 
guished by their large actinal interradial areas. Among the more 
nearly related genera some further differences may be enumerated. 
Persephonaster lacks the very angular astropectinoid adambulacral 
plates and has an angular series of mouth spines high in the furrow, 
while BlaMaster has pseudopaxillae and an odd interradial series 
of actinal intermediate plates. Thrissacanthias differs in having 
an enlarged subambulacral spine and a less angular furrow series. 
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GTENOPLBUBA ASTBOPECTDODES lUhw. 

Plate 16, figs. 1, Idr-c; plate 17, fig. 3; plate 18, fig. 2. 

Ctenopleura astropeciinidea Fibhbb, 1915a, p. 608. 
Astropecten a9tropectinides D5deblein, 1917, pp. 46, 62, 166. 

Diagnosis. — ^Belated to O. hidwiffi (de Loriol),^ but differing in 
having longer, narrower rays, shorter, stouter, superomarginal spines 
confined to marginal angle of ray, strongly 4-lobed abactinal plates 
on papular areas, and fewer actinal inferomarginal spines. B= 
129 mm., r=26 mm., E=5 r. ; breadth of ray at base, 28 mm. Disk 
small, rays long, narrow, very gradually tapering to a bluntly 
pointed extremity ; abactinal integument thin, paxillae, tall, spaced, 
bearing a compact upright group of 10 to 15 subequal, terete, slender, 
blunt spinelets varying from slightly shorter to slightly longer than 
the (^lindrical, barrel-shaped, or compressed pedicels; superomar- 
ginals encroaching conspicuously upon abactinal area, the dorsal 
face tumid and about twice as wide as the lateral; marginal area of 
plates covered with short, slender, crowded spinelets, becoming coarse 
ronndish granules on the summit of median transverse tumidity, 
the angle between lateral and dorsal facets bearing a transverse series 
of 2 to 4 short conical spinules; the first and the 3 or 4 last plates 
without spinules; inferomarginals proximally as wide as length of 
S, slightly arched but actinal surface not at all strongly beveled ; 
cater end armed with oblique comb of 4 slender, sometimes slightly 
ciured, closely placed, appressed spines, the lowest or next to lowest 
the longest, and about 1.5 to 1.75 plates in length ; spaced from these 
are proximally 2 spaced flattened sharp spines nearly as long as 
longest lateral spine ; general surface covered with squamif orm spine- 
lets often spatulate in form; adambulacral pla^ with 4, proximally 
5 or 6 (distally sometimes 3), rather long, flattened spines, the lat- 
erals subtruncate or round tipped; subambulacral spinelets proxi- 
mally 12 to 16, subequal, slender, often flattened, and only about half 
as long as median furrow spine ; most of the plates with a conspicuous 
fasciculate pedicellaria, made up of 6 or 8 of the subambulacral 
spines. 

Description. — ^Paxillae fairly large, not crowded, but on the con- 
trary rather spaced, especially on the disk, and arranged in slightly 
obhqae transverse series, 5 or 6 of which correspond to the length 
of 2 superomarginals at base of ray. The paxillae are slightly 
smaller on the center of disk, and along the midradial line they are 
often very strongly compressed and larger than at either side. The 
pedicel is rather tall, subcylindrical, a trifle swollen at the middle, 

^ Aitropecten ludtcisfi de Lorlol, M4m. aoc. phyg. et d'hist. nat G^nfeve, vol. 3?,, pt. 2, 
?(o. 1, p. 21, pi. 2, ng, 4. (Tago, Japan.) 
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sometimes as mentioned above, more or less compressed, so as to be 
elliptical in cross-section. In the type the paxillae of the disk are 
about 8 mm. high, including the tuft of cylindrical spinelets, which 
vary from slightly shorter to slightly longer than the pedicel. In a 
specimen from station 6892 the pedicels on the disk, except near 
the extreme margin, are longer than the spinelets. The larger 
paxillae of the disk have 10 to 15 subequal, blunt, slender spinelets, 
usually standing erect in a compact group ; when dried the spinelets 
become sharper. 

The plates of the papular area have a very characteristic form, 
which may be described as 4-lobed, the 2 lobes on the axis of the 
oblique transverse series being pointed, while the other 2 lobes are 
considerably broader and truncate. The plates do not touch, except 
sometimes near the margin, and most of them have a slight sub- 
conical or keellike elevation near or at the center. There are 6 
papulae around each plate. Along a median radial area (about half 
as wide as either lateral papular area) and the center of disk the 
plates are irregularly subcircular to broadly elliptical and 1.5 to 
2 times as broad as the lobed plates. This area is free from papulae, 
and the plates are spaced one-half to a little more than their own 
diameter. In C. ludwigi the plates of the papular area are only 
slightly or not at all lobed. The lobes are best marked on the out^ 
part of the ray, the plates of the proximal portion being subcircular, 
with indications of 4 to 6 scallops on the margin. 

Superomarginal plates, 48 or 49 in type, former much as in A. 
ludwigi^ with a broad dorsal face passing by an abrupt rounded angle 
into the lateral face, which is about half the width of the dorsal 
The exposed surface of the plate is decidedly convex along the me- 
dian transverse line, this fact and the armature giving the species 
somewhat the appearance of a Persephanaater. The marginal area 
of the plate is covered with delicate, blunt, closely placed spinelets, 
which decrease in length toward the median transverse area, where 
the armature is in the form of coarse, rounded granules, which in- 
crease in size from the inner edge of the plate toward the lateral 
angle of the ray, these becoming more or less conical and sometimes 
squamiform aroimd the base of 2 to 4 short, conical, stout spinules 
which form a transverse series or a group. These correspond, 
to the superomarginal spines of Z. ludwiffi^ but are more closely 
bunched on the margin of the ray. Sometimes a smaller, thick, 
granulif orm, conical spinelet is found spaced from the others toward 
the inner margin of the plate, or a line of two or three such, espe* 
cially on the second to fourth plates. The first plate lacks spines. 
On the outer third of the ray the granules cover most of the exposed 
surface, but as the middle of the ray is approached the granular area 
becomes narrower and the plates slightly more tumid. The last 4 
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or 5 plates seem to lack spines. A specimen from station 5392 has 
usually bnt 1 spine on the angle between the lateral and dorsal 
facets of the plate, except on the first 2 and last 4, where there 
are none; a few plates have 2, and the spinelets are not so granuli- 
form on the central area as in type. Terminal plate wider than long, 
with a notch at the distal and proximal border, connected by a 
shallow snlciis. 

Inferomarginals in general similar to those of A. Judwigi, the 
actinal surface proximally about as wide as length of 8 plates, the 
width gradually decreasing until distally it equals length of 2 plates. 
The rounded outer end of the plate bears, as in ludwigij an oblique 
appressed vertical comb of 4 closely placed, slender, sharp, slightly 
flattened spines, the lowest or sometimes the next to lowest the longest 
and a little over one and a half plates in length, the uppermost about 
half to two-thirds as long. This comb is precisely similar to the 
lateral comb of Persephonaster. On the actinal surface of the plate 
and near the aboral margin, well spaced from the lateral comb, are 
proximally 2 flattened, appressed, sharp, well-spaced spines, varying 
from two-thirds to three-fourths the length of the longest lateral 
spine. On the outer half of the ray there is one only, about halfway 
between the inner end of the plate and the lower end of lateral comb. 
In one of the specimens from station 5392 there is but one actinal 
spine throughout the ray. The surface of the plate is covered with 
obovate spatulate squamules, usually round tipped, but becoming 
pointed at the base of the lateral comb. 

Actinal intermediate plates extending to the fourth inferomarginal 
in type, there being 7 or 8 plates in a single row on each ray. The 
plates are covered with slender papilliform spinelets and 1 to 4 in 
each series has a central lanceolate appressed spinule. Occasionally 
the proximal plate bears a fasciculate spiniform pedicellaria. 

Adambulacral armature very similar to that of C, ludwigL Plates 
wider than long, placed obliquely, and with a salient furrow angle, 
bearing usually 4 strongly flattened furrow spines, the median 
tapering slightly and with its edge to the furrow, but the later- 
als truncate, and usually decidedly broader at the apex than base. 
The second to eighth plates are fewer, have 6 furrow spines, 
and in 1 specimen occasionally 6. Most of the plates of the type 
have 4 furrow spines, the laterals successively slightly shorter 
than the median. When there are 4 spines, 1 lateral is aboral 
to the apex spine and 2 adoral. On the outer third of the ray 
the adoral spine sometimes stands slightly back from the margin, 
leaving 3. In a specimen from station 5892 rather more of the 
proximal plates have 5 or 6 furrow spines than in the type. Suh- 
ambulacral spinelets subequal, slender, proximally 12 to 16 (excep- 
tionally a few more) and distally 8 or 10, varying slightly on either 
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side of these extremes. They are about half a^ long as the median 
furrow spines, flattened and subtruncate proximaily (especially on 
the inner part of plate), becoming terete and blunt distally. The 
spinelets are about the size of those of the actinal intermediate plates, 
and do not form regular series, although sometimes an indistinct 
arrangement in 2 longitudinal series is observable. As in A. ludwigi^ 
there are no enlarged subambulacral spines, but on thfe aboral side 
of most of the plates is a conspicuous fasciculate pedicellaria, with 

6 to 8 papilliform, subtruncate, blunt, or pointed jaws, forming a 
subcircular group surrounding a depression in the plate. On the 
outer part of the ray numerous plates lack the pedicellaria. Prox- 
imaily some of the spinelets constituting the pedicellaria are broad- 
ened and grooved at the tip. The form of the spinelets is rather 
variable, however, some being tapered and bluntly pointed. In the 
8 specimens of C. hidwigi which I have examined, the laigest with 
K, 103 mm., the subambulacral pedicellariae are similar to those of 
C. astropecHfddes^ except that the spinelets are a little more uni- 
formly slender and pointed. The first plate is very strongly com- 
pressed and much wider than the others, bearing a closely placed 
double series of 30, or even more, slender, blunt spinelets, having 
the appearance of an immense pectinate pedicellaria. Usually only 
1 is slightly enlarged on the furrow. 

Combined mouth plates rather long and narrow, encroaching con- 
spicuously upon actinostome and with a flaring marginal series of 

7 or 8 slightly flattened round-tipped spines, which increase at first 
slightly, then rapidly, toward the inner heavy tooth, which is subterete, 
or slightly compressed. The surface of the plate is occupied by 2 
crowded rows of about 18 spines, those near the inner half of the 
plate similar in form to the teeth though a trifle smaller. On the 
outer half of the plate the spines adjacent to median suture increase 
in length and assume a lanceolate form, while the spines of the other 
parallel series usually decrease markedly in length, so that at the 
outer end of the plate there is but 1 conspicuous series of spines. 
Sometimes these superficial spines are subspatulate. The lateral 
carries a series of small, spaced, slender spinelets, much smaller than 
those of the adjacent first adambulacral. 

Madreporic body small, very convex, with irregular striae, and 
situated about midway between the center and margin of disk. 

Color in alcohol, rather dark brown. 

Anatomiecd notes. — Gonads in numerous closely crowded tufts 
attached to the genital stolon, and extending about one-third the 
length of the ray, dose to the marginal plates. E^ch genital tube 
is either simple or with a few branche& Intestinal coecum spacious, 
saclike, in 3 unequal lobes, one of which being partly divided gives 
the appearance of 4. The form is very nearly the butterfly shape 
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characteristic of Peraephanaster. Anal aperture very small. Polian 
vesicles 5. Stomach ^acious, filled with gastropods. Hepatic coeca 
slender, extending about half the length of ray. Superambulacral 
plates slender and rather long; lower end of ambulacral ossicles, with 
a broad flange distally, overlying part of a triangular adoral flange. 
Along the ambulacral ridge between each pair of plates is a sac- 
like depression resembling an opening into a cavity beneath, but 
apparently there is no connection with the underlying spaces. Blind 
tabes lead out from the coelom between the marginal plates, as in 
Penephonaster^ at the point of junction of 4 plates. 

Type.— Cat. No. 30515, U.S.N.M. 

Type-locality. — Station 6520, 4.5 miles southwest of Point Tagolo 
Li^t, north coast of Mindanao, 102 fathoms, bottom temperature 
61.8^ F.; 1 specimen. 

Distribution, — ^Between Samar and Masbate, south to the north 
coast of Mindanao, 102 to 185 fathoms, green mud and sand. 

Speeimens exaamned. — ^In addition to the type, 2 from station 5392, 
between Samar and Masbate, 185 fathoms, green mud, sand. 

Remarks, — ^This species differs from C, hidwigi in having the rays 
longer, relatively narrower at the base, but tapering only very slightly 
until near the tip, so that they are of a different form. In ludwigi 
the rays taper evenly from the base to a pointed extremity, and K 
equals 4 r. or less in small specimens. In (7. astropectimdes B equals 
5 to 5.5 r. C. astropectimdes differs further in having shorter, 
stouter, superomarginal spines, on the marginal angle of the ray 
only, not across the dorsal facet of the plate, as in ludwigi; in having 
the abactinal plates of the papular areas strongly 4-lobed; in having 
prozimally fewer actinal inferomarginal spines in addition to the 
lateral comb (3 to 5 in ludwigi) ; the actinal intermediate plates of 
ludwigi are less symmetrical, there being often in large specimens 
1 out of place behind the mouth plates, simulating an odd actinal 
intermediate plate; the furrow spines are stouter and broader at 
the tip in astropectinides. Apparently the subambulacral pedicel- 
lariae are variable in occurrence in ludwigu In the 3 specimens 
which I have examined they are abundant, but in a figure sent by 
Dr. S. Goto they are not shown except on the first plate. 

Geniu CTENOPHORASTER Fisher. 
Ctenophoraster Fibhsb, 1906, p. 1014. Type, O. hawoMensis Fisher. 

CTBNOPHORAffTBB DIPLOCTBNKJS FMmt. 

Plate 12, fig. 4 ; plate 16, figs. 2, 2a-c ; plate 17, fig. 2 ; plate 18, fig. 1. 

Ctenophoraster diploctenius Fisbxb, 1913a, p. 600. 

Diagnosis. — ^Bays 5, S=105 nun., r=:15 mm., B=7 r; breadth 
of ray at base 18 or 19 mm. Very closely resembling C. hawaiiensis 
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in general appearance, but differing in having no median radial area 
of smaller irregularly arranged paxillae; in having the paxillae in 
regular curved transverse series on rays, with fewer paxillae to the 
series than in hawaiiensis; in having finer superomarginal spinelets 
and more numerous minute superomarginal fasciculate pedicellariae; 
in having slenderer and fewer inferomarginal spines, arranged in 2 
oblique arcuate lateral series, and 1 transverse actinal series (not 
8 and 2, respectively, as in hawaUenais) ; in having tiny inferomar- 
ginal and numerous prominent actinal intermediate and subambu- 
lacral fasciculate pedicellariae; in having fewer subambulacral spines 
and prominent central spines to the actinal interradial plates. 

Description, — ^The general form and proportions are like those of 
hofvoaiiensis and the abactinal surface has much the same appear- 
ance, except that the paxillae are more regularly and compactly 
arranged, and along the median line of the ray there is no well- 
defined stripe of small and irregularly arranged paxillae, as shown 
in plate 5, figure 2, Fisher, 1906. Instead the median radial paxillae 
are distinctly larger and fewer, and the paxillae of rays form slightly 
curved transverse rows, which continue uninterrupted across the 
radial area. At the base of the ray about 5 of these correspond to 
2 superomarginals, and opposite the fourth superomarginal a trans- 
verse series contains about 16 paxillae, while in hawaiieMis there are 
about 22. The paxillae of disk are larger than those of the rajrs, 
and, as in hawaiiensis^ are very close set. The general form of the 
paxillae is alike in the two species, but in diplootenius the spinelets 
are more delicate. A typical paxilla from the proximal portion of 
ray has 12 to 15 peripheral and 5 to 7 central, terete, round-tipped or 
subcapitate spinelets, while a large paxilla from the interradial re- 
gions of disk has 20 peripheral and 15 spaced central spinelets. 
Many of the paxillae bear a small central fasciculate pedicellaria 
with 4 or 5 practically unmodified, paxillar spinelets for jaws. They 
surround a hole in the tabulum. I have not been able to find them 
m hawaiiensia. 

The abactinal plates, or bases of paxillae, as seen from the coelomic 
surface, are much longer than wide and very regularly arranged in 
transverse series. The shape, arrangement, and size are shown by 
the figure (pi. 16, fig. 2). Unlike hawaiieims^ diploctenius has ovei 
most of the ray a very regular, median radial series of elongato 
plates, accompanied by very small secondary plates, which externally 
have tabula and spinelets but are quite inconspicuous between the 
large paxillae and do not interrupt their regularity. Sometimes 2 
consecutive radial plates are separated by a small secondary plate. 
Papulae are absent from this radial stripe and center of disk; else- 
where they occur very regularly in sixes about each plate. 



Digitized by LjOOQ IC 



STARFISHES OF TSB PHIUPPINE SEAS. 97 

Superomarginal plates, 58 to a ray, are oriented a little more 
obliquely than in hcswaiiensis and are separated by deep fascioles, 
lined with fine spinelets. As in hawaiierms^ they form a rounded 
margin to the abactinal surface, encroach conspicuously upon abac- 
iinal area and are practically abactinal in position, except in the 
interbrachia, being much wider than high on the rays. The surface 
of the plate is covered with a nap of delicate, blunt spinelets, short 
m the exposed surface, becoming rather abruptly longer around the 
maigins. They are more delicate than in hawaiiensis and are not 
enlaiged at the outer end of the plate as in that species. (Fisher, 
1906, pi. 3, fig. la.) A majority of the plates have a small fascicu- 
late pedicellaria in the outer or lateral side and near the aboral 
maigjin, consisting of 3 to 6 small spinelets a little more tapered, 
but not longer than the surrounding spinelets. These pedicellariae 
are often hidden by the ends of the inferomarginal spines. Rarely 
a similar, though coarser, pedicellaria occurs in C. ftawcdiensis^ 
nsuaUy hidden by the ends of the inferomarginal spines. I over- 
looked these in the original description, as they are difficult to deter- 
mine unless the specimen is dry. 

The terminal plate is longer in proportion to width than in 
hawaUensis. 

Inferomarginals corresponding to the superomarginals and extend- 
ing laterally slightly beyond them. They are short and wide, with 
the same type of armature as in JiawaiiensU^ but, generally speaking, 
the primary spines are more delicate and fewer and the thorny 
hooked tips less conspicuous. At the outer end of the plate in 
hawaiiensis there are 3 oblique, concentric, arcuate series of spines, 
the outer overlapping and covering the inner two (Fisher, 1906, 
pL 3, figs, la, Ic). The innermost series has 3 to 5 spines (in hawaU- 
ensis)^ the middle 6 to 8, and the outer series proximally 8 or 9, and 
distally 5 to 7. In diploctenms these numbers are : Inner series, not 
present; middle series, proximally 5, distally 3 or 4; outer series, 
proximally 5 to 7, distally 3 to 5. On the ventral surface of the plate, 
in hawaiiensis^ there is a series of 5 to 8 stout, unequal, flattened 
spines c<mtintiing the outermost lateral series to the inner end of 
plate. These overlie 6 or more smaller and more delicate spinules, 
which represent a continuation of the innermost lateral series. In 
diploctemus the first of these series has 5 or 6 more delicate spines, 
proximally, and 2 or 3 distally, situated nearer the aboral margin 
than in hawaiiengis. The seccmd series is not present. In front of — 
that is, adoral to-— the outer row of lateral spines and its actinal con- 
tinuation are numerous slender, flattened accessory spinules, tipped 
as the big spines and forming about the base of each spine a curved 
series of 4 or 5. The primary spines are all slenderer than in 
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hawaiiensiSy tapered, slightly curved, and with the characteristic 
thorny tip of hawaiiensiSj only more delicate. The second or third 
lateral spine from the upper end is the longest, equaling in length 

2 superomarginals. The underlying spines of the second lateral 
series are about as long, but more delicate. All are closely appressed 
to the side of the ray. The rest of the plate is covered with terete 
round-tipped spinelets similar to those of hawaiiensie. On the me- 
dian line at the inner end of most of the inferomarginals of ha- 
wcdiensis is an enlarged spinule, which does not form a part of the 
transverse series. This is only rarely present in diploctenius. At 
about the middle of the actinal surface of a majority of the plates of 
diploctenius is a fascicular pedicellaria formed of several unmodified 
spinelets. I have not been able to find these in hawaUensis. A por- 
tion of the description of the inferomarginals of h/twcdieruns needs 
modification. It is stated (Fisher, 1906, p. 1016) that the actinal 
inferomarginal spines are blunt; they so appear in alcoholic speci- 
mens, but when dried the tips are thorny and as in plate 8, fig. 16 
(ibidem). The curious hooked tips of the inferomarginal spines 
and spinules seem to be generic, but the membrane hides the hookfl 
in the case of the actinal spines. 

Adnmbulacral plates with fewer subambulacral spines than in 
h/rwaiiensis and with frequent fasciculate subambulacral pedicellariae. 
Furrow spines 8, blunt, long, slender, and compressed, the median 
the most. Subambulacral spines often in 2 longitudinal series of 

3 each, with 1 to 8 shorter spines on the outer part of plate; or 
proximally the outer series, and sometimes also the inner, may have 

4 spines. These are all tapering, slender, and blunt, those of inner 
row a little longer than furrow spines. The pedicellariae are of 
frequent occurrence and usually stand on the aboral inner corner 
of the plate. Each consists of about 5 tapering spines surrounding 
a pit in the plate. The aboral spine of the first actinal series some- 
times stands on the furrow margin. This is regularly the case in 
hawaiiensia so that there appears to be 4 furrow spines, or 6 when 
the adoral member moves also to the margin. The actual number of 
furrow spines is only 8 in both species. First adambulacral plate 
compressed with about 15 spines in 2 transverse series. 

Mouth plates densely covered with spines, the armature being 
similar to that of hawaiiensis. At inner end of plate are 4 heavy, 
blunt teeth forming a perpendicular comb (a part of the superficial 
series), which is continued to the outer end of the narrow plates, 
adjacent to median suture in about a dozen more, much slenderer, 
tapering, blunt spines, which become smaller as they approach the 
outer end of the plate. The actual marginal spines are small and 
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form an angular series deep in the actinostome and between these 
and the superficial spines are 2 or 3 irregular series of intermediate 
spines. 

Actinal intermediate plates extending in a single series to within 
8 inferomarginal plates of the tip of ray and in a double series only 
as far as third. Back of the mouth plates and corresponding to them 
is a pair of intermediate plates, but between these and the margin 
is an odd yiterradial series of plates meeting the suture between the 
two first inf eromarginals, as in Blakiaster^ Leptychaster^ and several 
other Astropectinidae. Exclusive of the plates immediately adjacent 
to the adambulacrals, each interradius has 17 intermediate plates. 
A majority of those adjacent to inferomarginals, both on rays and 
disk, bear a prominent fasciculate pedicellaria with 6 or more taper- 
ing, slender spiniform jaws, surrounding a deep central pit in the 
plate. These are surrounded by a number of divergent spinelets 
like the calyx of a flower, the whole forming an ornate, paxillalike 
structure. The other interradial plates bear a long slender central 
spine, surrounded by numerous shorter spinelets, resembling those 
of the general surface of inferomarginal plates. The intermediate 
plates all have fairly high tabula. A few of the intermediate plates 
of hawaUengis have an inconspicuous pedicellaria with about 5 
spiniform jaws on one side of tabulum, not a prominent central one 
involving the central spinelets of the plate, as in diploctenius. 

Madreporic body small pentagonal, situated about twice its diam- 
eter from marginal plates and traversed by fine striae proceeding 
from the middle of the adcentral side. 

Color in alcohol, dark brown; dried, sepia brown. 

Typ^.— Cat No. 80516, U.S.N.M. 

Type-locality. — Station 5272, China Sea, vicinity of southern 
Luzon (lat. 14° N.; long. 120° 22' 80'' E.), 118 fathoms, mud, shells, 
eoial sand, bottom temperature 57.4° F. ; 1 specimen. 

Distribution, — Known only from type-locality. 

Remarks, — The foregoing diagnosis and description has com- 
pared this form with the only other known species of the genus. It 
is interesting to note how closely the two forms have followed the 
same type of structure while differing in nearly every detail. At 
first glance the two seem to be the same, but such is undoubtedly 
not the case. 

This species is another instance of the general similarity of the 
Hawaiian and East Indian faunas. 
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Genus PSILASTER Sladen. 

PHlaster Sladen, Narr. Chall. Exp., vol. 1, 1886, p. 61L Type, Astropecten 

andromeda Mtiller and Troschel. 
Phidiaater Koehleb, 1909, p. 28. Type, Phidia$ter agasaizi Koehler. 

PSILASTER GOTOI Ftolwr. 

Plate 16, figs. 3, Zor-b ; plate 20, fig. 3 ; plate 21, fig. 1 ; plate 30, fig. 4 ; plate 35, 

fig. 3. 

Psiktster gotoi Fisher, 1913a, p. 609. * 

Di<igno8i8. — ^Rays 6. R=68 mm., r=14 mm., R=-t.l r; breadth 
of ray at middle of interbrachium, 16 mm. ; at third euperomargmal, 
18.5 mm.; height of combined marginal plates at middle of inter- 
brachium, 7.5 mm. ; at middle of fourth superomarginal, 6.5 mm. Disk 
fairly large, rays evenly tapered to a pointed extremity ; interbrachia 
about 90°, rounded; superomarginals with a single row of prominent 
appressed spines extending nearly to tip of ray; inferomarginals 
with 2 series, one near the upper end of the plates and the other 
near the lower; adambulacral plates with 7 or 8 furrow spines 
proximally, and about 10 subambulacral spines in 2 series; mouth 
plates with horizontal fan of 4 prominent teeth. Differs from 
Ps. agassizi Koehler in having only 1 superomarginal series of 
spin^, no well-defined central naked area on inferomarginals, and 
in having the superomarginals less conspicuous dorsally, and the 
inferomarginals practically confined to the sloping side wall of ray ; 
furrow spines slightly more numerous. 

Description. — Paxillae in slightly oblique transverse series, meet- 
ing a circular area (extending as far as madreporic body) of disk 
and a narrow radial area of the proximal half of ray where the 
plates are without regularity and closer together, owing to the ab- 
sence there of papulae. The largest paxillae are on the outer part 
of this circular area and its stellate radial extensions, and they 
decrease in size toward the center of disk and margin and along 
the rays both toward margin and extremity. In center of disk is an 
epiproctal cone with minute paxillae, and a tiny anal aperture. 
At base of ray 6 transverse rows of paxillae correspond to 2 supero- 
margiiiaJs, and between the second and third superomarginals about 
21 paxillae can be counted across the ray to a corresponding point 
en tl*e other side. The paxillae are flat-topped and the largest 
contain 15 to 20 cylindrical, very truncate spinelets, jammed to- 
gether so that there is no clear distinction between a peripheral 
series and central group. Some of the peripheral spinelets are here 
and there notably slenderer, especially in a smaller specimen from 
station 5470, where the spinelets are not so crowded. A paxilla 
at base of ray has 8 to 18 spinelets according to whether it is near 
the margin or radius; on the outer fourth of ray, 5 to 8 spinelets. 
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Superomarginal plates, 33 or 34 to a ray, are massive and con- 
fined to side of disk in interbrachia, but the upper end soon widens, 
and the plates become lower, so that the lateral face about equals 
the dorsal, there being no sharp angle between the two for the plates 
fonn a rounded edge to the ray. The lateral face of the supero- 
marginals is not vertical but sloping so that outside of the inter- 
brachia the whole width of the plate can be seen when viewed from 
above. All except the last 5 to 10 plates bear a stout, flattened, 
sharp spine equal in length to 1.5 or 2 plates. In the interbrachia 
this is situated at the extreme upper end of the plate, and gradually 
recedes from the inner edge as the width of the dorsal face in- 
creases, keeping on the rounded angle between the latter and the 
lateral face. This spine is bent toward the end of the ray and 
usually appressed, except in interbrachia., The surface of the plate 
is covered with flat, large, squamiform granules with a polygonal 
or broadly leaf -shaped contour, the free edge turned upward on the 
lateral face of plate and distad on the dorsal, where the granules 
are largest These are transformed into pulpy spatulate spinelets 
on the edge of the plate and finally in the narrow abrupt fasciolar 
grooves they become capillary. The base of the spine is surrounded 
by a small bare space, except at the base of the ray, but it is less 
extensive than in PsUater agassi&i. 

Terminal plate about as long as wide, with a notch on the prox- 
imal border, and with 8 stout sharp terminal spines, 1 dorsal and 
2 lateral. 

Inferomarginal plates confined to side wall of ray, except on outer 
fourth, forming a steeply sloping wall, their upper end projecting 
slightly laterally beyond the superomarginals. Except the first 8 
plates, they are one-third to one-half higher than the superomar- 
ginals to which th^y correspond exactly. The first and sometimes 
the second plate bears at the lower end a single flattened sharp 
appressed spine pointed upward. The others, except the last 5 or 
10 plates (which also have only the lower spine) have 2 such ap- 
pressed spines, one near the upper and one near the lower end, and, 
proximally, near the median line but soon moving to the distal 
margin. These spines are very robust, the upper being about as 
long as the height of plate and the lower about three-fourths as 
large. The granules covering the plate are very flat and squami- 
form, broadly leafshaped and directed upward. On the median 
transverse area of the plate they are rather sparse, but there is no 
well-defined naked area. These squamiform papiUae are invested 
with membrane like the superomarginal squamules but are not so 
pulpy as the actinal spinelets. 

13434— Bull 100—19 8 
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Actinal intermediate plates extend in a single series three-fourths 
the length of ray or to within 13 inferomarginals of the tip; in 2 
series not quite half, and in 3 only to the fifth inferomarginal. 
There is no unpaired interradial series of plates except near the 
margin where 1 or 2 plates are interradial ; these are met by paired 
series from the mouth plates or first adambulacrals. Or there may 
be an unpaired plate behind the combined mouth plates and another, 
widely separated, near the margin. The plates bear coordinated 
groups of 5 to 10 short pulpy spatulate or clavate papillae, borne 
on low tabula, and are separated into series by channels running 
from the interadambulacral sutures to the margin. 

Adambulacral plates with strongly angular furrow margins, of 
which the aboral facet is slightly the larger. Furrow spines 7 or 
8 proximally and 6 or 7 distally. They form a palmate series, the 
median the longest, and compressed with edge to furrow; the 
laterals with the surface to furrow. All are blunt with a slight 
membranous swelling at tip. The aboral member is often trun- 
cate. The subambulacrals are shorter, pulpy, clavate, or inverted- 
clavate, similar to the spinelets of the actinal intermediate plates. 
The calcareous spine is also club-shaped. They are usually arranged 
in 2 longitudinal series with about 5 spines in each. The first 
and second plates are much compressed, the first bears about 20 
spines in 2 closely appressed transverse series. 

Mouth plates much compressed and prominent actinally, the 
combined pair a little over twice as long as wide with a wide median 
suture of nearly uniform breadth throughout. Armature (1) at 
the inner angle of each plate a large oblong or oval leaflike tooth 
with a smaller one at the side sometimes nearly as long; (2) a mar- 
ginal series of about 12 small strap-shaped truncate or round-tipped 
spines extending three-fourths the distance to outer end of plate, 
and appressed against a series of about 12 heavier, often chivate, 
but stubby spines, following the border of the suture. Except for 
the inner teeth each mouth plate resembles an enlarged first adam- 
bulacral. 

Madreporic body small, a little nearer margin than center, and 
traversed by coarse striae. 

Type.— Cat. Xo. 30517, U.S.N.M. 

Type-locality. — Station 5468, Lagonoy Gulf, southeastern Luzon, 
369 fathoms, green mud ; one specimen. 

Distribution. — Known only from Lagonoy Gulf, off southeastern 
Luzon, 560 to 569 fathoms. 

Specimens examined. — ^Three; one from type-locality and one 
from each of the following stations : 

Station 5460, Lagonoy Gulf, 565 fathoms, gray mud. 

Station 5i70, Lagonoy Gulf, 660 fathoms, mud. 
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Remarks. — ^This species is related to Pa. agaasizi (Bay of Bengal, 
888 to 930 fathoms), in so far as it comes within the restricted genus 
Phidiaster Koehler. It differs from agassizi in having a single se- 
ries of superomarginal spines, the inner series of agasaizi being 
absent The superomarginals do not encroach so conspicuously upon 
the abactinal surface as in agaaaizi, and the inf eromarginals are prac- 
tically confined to the side wall of the ray and do not, as in agaaaizij 
form a border to the actinal area. The inferomarginal spines are 
larger, the spinelets more squamiform, there is no well-defined cen- 
tral naked area on. the inferomarginal plates, and the furrow spines 
are more numerous in gotoi. 

This species is named for Dr. Seitaro Goto, of the Imperial Uni- 
versity, Tokyo, author of a valuable monograph on the starfishes of 
Japan. 

PSILASTER HOBUSTUS ] 



Plate 16, figs. 4, 4a ; plate 20, fig. 1 ; plate 21, fig. 8 ; plate 30, fig. 3. 
PHlaster robuatua Fishes, 1918a, p. 610. 

Diagnoais. — ^Rays 6. R=80 mm., r=9.5 mm., R=3.15 r.; breadth 
of ray at base, 12 mm. ; height of combined marginal plates at middle 
of interbrachium, 6 mm. ; disk large, rays stout and short, evenly 
tapered; superomarginal plates very massive, encroaching conspicu- 
ously upon paxillar area, than which they are wider at middle of 
ray; paidllae small, spaced; one series of superomarginal spines; one 
series of lateral inferomarginal spines and an incomplete second 
(ventral) series at base of ray; marginal plates covered with squa- 
mules and without naked areas; furrow spines 6 to 7. Differing 
from Pa. gotoi in having much more massive superomarginals, which 
encroach more upon paxillar area, smaller paxillae, thicker terminal 
plate, only 1 complete series of inferomarginal spines, shorter and 
more globose suboral spines, slightly shorter adambulacral spines, 
and a thicker, more robust form. 

Deacription. — Paxillar area sunken below the level of the broad, 
tumid, superomarginal border, nearly plane except for a very promi- 
nent epiproctal cone. Paxillae rather small and spaced so that they 
lack the compact appearance of those of gotoL Except for a stellate 
area, comprising center of disk, and the basal radial portion of ray, 
the paxillae are arranged in slightly oblique transverse series, which 
on the ray are scarcely interrupted at the radial line and therefore 
form complete slightly curved transverse rows, about 6 correspond- 
ing to 2 superomarginals at the base of ray. The general appearance 
of the paxillae is very similar to that of gotoi^ the largest, in the 
interradial portions of disk, having about 12 coordinated close-set 
spinelets, a peripheral one being here and there smaller than the 
others. Smaller paxillae at base of ray have 5 to ] spinelets. 
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Superomarginal plates, 21 to a ray, are broader than high except 
in the interbrachium, and the dorsal face of the plates is wider than 
long, forming a raised tumid border to abactinal area. The dorsal 
face of the plate passes into the lateral face very gradually, so that 
the edge of the ray is well rounded. Each plate, except the last 
4 to 6, bears a prominent sharp, sometimes slightly flattened spine 
with a swollen base. On the first 2 plates the spine is near the 
inner edge of the plate, but on the third is about twice as far from 
the inner edge, and from the fourth on stands on the rounded border 
between the dorsal and lateral faces of the plate, and also gradually 
moves from the median transverse line to the aboral margin. The 
spines on the first 2 plates are re^illy homologous with the inner 
(complete) series of Ps. agassizij for near the inner edge of the 
third and sometimes the fourth plates of the type of rohustw a 
similar spine occurs, making 2 for each of these plates, as regu- 
larly occurs throughout the ray in agassizi. This second spine is 
absent in the cotype. The plates are covered with spaced, circular, 
slightly squamiform and convex granules on the dorsal surface at 
base of ray, these becoming more and more squamiform toward the 
end of ray. On the lateral face of the plates all the granules are 
squamiform, with the edge upward. 

Inferomarginals without distinct lateral and ventral faces, but 
forming a steeply sloping side to ray when viewed from below. 
The plates are slightly arched, so that the bevel is rounded. Be- 
ginning with the second or third plate is a row of sharp, prominent, 
flattened spines (slightly larger than superomarginal) extending 
nearly to tip of ray. The first 8 to 6 plates bear a similar smaller 
spine spaced from the lower end of the plate one-fifth to one-third 
width of plate. Exceptionally a proximal plate bears a small spine 
midway between the 2 series. The surface of plate is covered with 
spaced squamules, the edge directed upward, becoming closer and 
overlapping on the edge of plate. Beyond the proximal third of 
ray the inferomarginals exceed the superomarginals in height when 
viewed from the side. 

Terminal plate stouter than in gatoif nearly as long as wide, 
notched on the proximal border, and with 8 short tubercular spines 
on the end. It is sometimes ovoid in contour. 

Actinal intermediate plates extending to ninth inferomarginal or 
a little over half the length of ray. There is exceptionally an un- 
paired plate behind the mouth plates, but no odd interradial series. 
The interradial areas are poorly developed, possibly 6wing to the 
small size of the specimen. The plates bear spaced groups of 2 to 6 
clavate, pulpy papillae. 

Adambulacral plates with an angular furrow margin and an 
armature consisting of 6 or 7 compressed, blunt furrow spines, the 
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medlaii with edge to furrow, and 8 or 10 much shorter, clavate and 
thick, pulpy, papillif orm subambulacral spines, in 2 series, and uni- 
form with the intermediate spines or spinelets. The armature is 
rery similar to that of gotai^ but is a trifle shorter. The first adam- 
bulacral is much compressed with 18 to 20 spines in 2 closely ap- 
pressed tnmsyerse series. 

Mouth plates similar to those of gotai in form and armature. 
There are 4 prominent flat truncate spatulate teeth at the inner 
angle of the combined plates, a wide median suture, and along the 
surface of each plate a double series of spines to the outer end, 
those of the inner or superficial series being subglobular to clavate, 
and the marginal spines being smaller and strap-shaped, closely ap- 
pressed against the superficial spines, and of equal length. The 
marginal series extends to the outer end of plate, although the outer 
spines are widely spaced. In the foregoing species the marginal 
spines are considerably shorter than the superficial, which are less 
stabby, and the series does not occur on the outer fourth of the 
plate. On some plates of the present species it is lacking on the 
ooter fourth, so that the character is of little value for specific 
distinctions. 

Madreporic body small, a little over its own diameter from mar- 
ginal plate, with a few coarse transverse (interradial) striae. A 
large paxilla stands at the adcentral side. 

Type.— Cut. No. 80518, U.S.N.M. 

Type-locaUty — Station 5632, south of Batjan Island, Molucca 
Islands (lat. 1° S.; long. 127^ 60' E.), 845 fathoms. 

/>M^n6u^w>».— ICnown only from the type-locality. 

Specimens examined. — ^Two; the type and specimen from station 
5631, same locality, 809 fathoms, green mud. 

Remarks. — ^While this species in a general way resembles Pa. gotoi 
from off Luzon, it differs very markedly in the structure of the mar- 
ginal plates and their armature, and in having smaller, less close-set 
paxillae, and shorter actinal spines generally. The less extensive 
distribution of actinal intermediate plates of the present form may 
be due to its immaturity. This point can not be settled. That 
robuBtns is not the young of gotoi seems amply demonstrated by the 
presence of a specimen of the latter having R 27 mm. The dif- 
ferences hold good with the exception that in the small example 
of gotoi the lower series of inferomarginal spines extends only half* 
the length of ray. Consequently in large specimens of rohustus it 
may eventually be found that the lower inferomarginal series is much 
more extensive. The absence of a second series of superomarginal 
spines and of naked areas on the marginal plates will separate 
robustus from agassizi. The presence in agassizi of a well-marked 
ventral face to the inferomarginals is also an important difference. 
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The distribution of the inferomarginal spines together with the 
presence of enlarged teeth will separate this form from any species 
classified by Sladen under Pailaster. 

PsUaster gotoi and Pa, rohuatus^ as well as the following unnamed 
species belong to Koehler's genus Phddiaster. The characters of 
these species demonstrate that the structure of the superomarginals 
varies greatly. The superomarginals may be very narrow dorsally 
(pectinatus) ^ or conspicuously broad {offoasiziy robwttie)^ or medium 
broad (gotoi). They may have 1 series of spines (gotoi^ robustus^ 
pectinatus)^ or 2 series (agassizi), or none (the following form). 
The size and armature does not seem to be of generic value. The 
inferomarginals vary also from having only 1 complete series to those 
having 2. In typical Psilaster the spines form usually transverse 
combs and are sometimes so placed as not to form also longitudinal 
series along the ray. But I have a specimen of PsUaster florae^ a 
typical PsUaster^ in which the spines form both transverse and longi- 
tudinal series, not all of the latter completed. In Ps. pectinatus^ and 
exceptionally in rolmstus^ the proximal plates may have 8 spines in 
a transverse series, or to put it differently, an intermediate longi- 
tudinal series is present. These 3 spines approach the condition of 
typical PsUaster^ such as Ps, -florae. The difference is one of number 
only. Ps. pectinatvs^ in regard to the disposition of the inferomar- 
ginal spines, presents an intermediate stage between Ps. florae and 
Ps. agassizi and Ps. gotoi. The presence of 2 closely appressed 
rows of spines on each mouth plate is common to typical PsUaster 
and Phidiaster^ but in the latter the 4 inner teeth of the combined 
mouth plates are larger and are directed horizontally into the 
actinostome, a condition found also in Ps. gracilis (not otherwise 
like Phidiaster) . If the inner teeth of PsUaster florae are bent down- 
ward so as to lie horizontally they are seen to be larger than the 
other mouth spines, although not quite so large as in Phidiaster. But 
Ps. pectinatus^ otherwise like Phidiaster^ has the teeth like PsUaster. 
Even here, therefore, the difference is rather one of degree, for the 
armature in arrangement is strikingly alike in the two groups. I 
have merged Phidiaster. with PsUaster because the characters separat- 
ing the genera are either variable or connected by intergrades. The 
extreme types, however, are easily enough separated, and Phidiaster 
will make a convenient subgenus whenever one is needed. 

PSILASTER, apedea. 

Station 5605, Gulf of Tomini, Celebes, 647 fathoms ; 1 specimen. 

This specimen, which has K 14 mm., is nearest Ps*. robustuSj but 
lacks entirely superomarginal spines and has less massive marginals 
and wider paxillar area. The terminal plate and inferomarginal 
plates and armature closely resemble those of robustus. Furrow 
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spines, 5; subambulacral and intermediate spinelets granulif orm ; 
teeth very large. 

This is perhaps a young robustus^ but, owing to the absence of 
superomarginal spines and the smaller size of the plates, the speci- 
men has been listed separately. 

Genus ASTROMESITES Fisber. 

Astrotnesites Fisher, 1913a, p. 611. Type, A. oampactus Flaher. 

Diagnosis. — ^Resembling Persephonaster and Psilaster in form, 
but differing from them and resembling Leptychaster and Blcikiaster 
in the armature of the adambulacral and mouth plates, and espe- 
cially in the possession of an odd interradial series of actinal inter- 
mediate plates. Differing from Blakiaster in having the abactinal 
plates compact and independent true paxillae, and in having well- 
developed marginal fascioles. Marginal plates massive, the infero- 
marginals with an appressed comb of slender spikes; superomar- 
ginals unarmed; paxillae large, flat topped, crowded; actinal inter- 
mediate plates extending in a single series far along ray; adambu- 
lacral plates with an angular furrow margin bearing a divergent 
group of .5 to 7 spines and numerous subambulacrals, as in Lepty- 
chaster; mouth plates with extensive convex surface; 3 series of 
crowded suborals, graded in length from the straight, even furrow 
series of long spines, which are graduated toward 2 inner teeth; 
no sharp-angular furrow series as in Perseptonaater; disk small, 
rays stout, rather slender; actinal interradial areas small, the inter- 
mediate plates extending two-thirds the length of ray. 



ASTHOMBSrrES COMPACTUS 1 

Plate 19, fig. 1; plate 24, fig. 3; plate 25, fig. 2; plate 26, fig. 2; plate 81, fig. 4; 

plate 80, figs. 2, 2ar-d. 

Aitromesites compactus Fisheb, 1913a, p. Oil. 

Diagnosis. — R=78 mm., i'=17 mm., R=4.6 r; breadth of ray at 
base, 20 mm. Disk small, rays narrow but stout, tapering regularly 
to a pointed but not attenuate extremity ; sides of ray fairly high, 
rounded; marginal plates massive; interbrachial angle abruptly 
rounded; paxillae large, crowded, with numerous short, crowded, 
blunt spinelets; superomarginals unarmed; inferomarginals with 
lateral comb of 4 to 6 appressed spines; marginal fascioles rather 
deep, abrupt, and narrow; furrow series angular, of 5 to 7 spines; 
mouth plates with straight, numerous furrow series, and 3 series of 
suborals; interradial areas small, an odd interradial series of inter- 
mediate plates, and a single series far along ray ; no pedicellariae. 

Description, — Paxillar area compact, narrow, about 1.75 width of 
superomarginal plates, except at extremity of ray, where it is nar- 
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rower. Pazillae large, crowded, nearly flat topped, arranged on the 
rays in slightly curved, transverse series, the regularity of which is 
interrupted proximally and distally along median radial lines. At 
base of ray 8 rows correspond to 1 superomarginal. The largest 
paxillae are on the disk about two-thirds distance from center to 
inner edge of marginals, and on the proximal fourth of ray on a 
broad radial area. The paxillae decrease in size very gradually 
toward center of disk, periphery of area, and end of ray. They have 
the appearance of being fairly uniform in size. The larger paxillae 
have 15 to 20 peripheral and 10 to 12 central, very short, almost 
granuliform, round tipped, minutely prickly spinelets. Owing to 
their crowded disposition the crowns of the paxillae vary from sub- 
circular to polygonal. 

The dorsal plates or bases of paxillae, are elliptical with 4 to 6 
incipient lobes, so that the plates may appear somewhat 6-sided, 
though longer than wide. On the median radial area, where there 
are no papulae, the plates vary from elliptical and lozenge shape to 
broadly oval, and are close-set or proximally even slightly overlap- 
pingk On the papular areas of outer part of ray the plates are quite 
independent, but on disk and proximal portion of ray they touch 
by the incipient lobes. The plates are true paxillae, as the shaft is 
constricted in the middle — ^that is, flares at top and bottom. Papulae 
small, six about a plate, but absent from a median radial band, where 
the plates are elongate and crowded. 

Marginal plates very massive. Superomarginals unarmed, en- 
croaching conspicuously upon paxillar area, 84 in number, and form- 
ing a well-rounded border to abactinal surface. The plates are wider 
than long and there is a distinct abactinal and lateral face to each. 
The plates are separated by abrupt, rather deep, fascicles, narrower 
than the intervening ridges, and more like those of PsUaater than 
the more or less abortive V-shaped grooves of Persephonaster and 
Blakiaster. The exposed surface of this ridge is slightly tumid, espe- 
cially on the outer part of ray and the summit of the ridge is near 
the distal margin, as in such species of Peraephonaster as ewnjactls 
and liLzordeus. 

Exposed surface of plate covered with rounded, nearly flat 
granules, which gradually are transformed into slender spinelets of 
the fasciolar grooves. Terminal plate subovoid with 8 stubby spine- 
lets on the end. 

Inferomarginal plates opposite superomarginals, except some- 
times on outer part of the ray, and with a rather broad rounded 
actinal surface passing imperceptibly into the lateral. They do not 
extend laterally beyond superomarginals. Eather deep fascioles sep- 
arate the plates, which, on the tumid outer end, are armed with a 
vertical oblique comb of proximally 6, distally 4, appressed, slightly 
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curved, sharp spines, of which the central 2 or 3 are the longest (at 
middle of ray, equaling the width of plate). Spaced from these, on 
the actinal sarface of the first 10 plates, are 2 Sorter, flattened, ap- 
pressed spinules and on the succeeding 4 or 5 plates, 1 such spinule, 
situated near the distal margin. The general surface is covered with 
spinelets, short, truncate and granulif orm on center, becoming much 
longer and slenderer on the sides, and very delicate in the f urnrws. 
Actinal interradial areas small ; intermediate plates small, arranged 
in series parallel to furrow, and also parallel to interradius. There 
18 an odd interradial series of 5 intermediate plates, of which the 
innermost plate belongs to the second longitudinal series, since the 
proximalmost plates of the first longitudinal series are paired ; that 
is, a pair of plates is opposite the outer end of the mouth plate and 
from these a single odd series proceeds interradially to the suture 
between the first inferomarginals, as in Blakiastery Leptychaster^ 
and other genera. Opi)osite the second adambulacral is a series 
parallel with the interradial which does not reach the inferomar- 
ginal. The next two extend from the third and fourth adambulacrals 
to the first inferomarginal. The number of plates in these inter- 
radial series decreases rapidly, so that opposite the third inferomar- 
ginal there are 2 series of 2 plates each. Thence a single longitudinal 
series of intermediate plates extends to two-thirds the length of ray 
(to twenty-first inferomarginal). The plates imbricate, are convex, 
and are covered by a paxilliform group of about 10 blunt, cylindri- 
cal clavate, central spinelets and as many slender, tapering periph- 
eral ones. About a dozen plates in center of interradial area have 
each a slender, flat, sharp, appressed spinule, about as large as the 
actinal inferomarginal spinules. . 

Adambulacral plates oriented obliquely with a distinct angle pro- 
jecting into furrow, and with an armatui'e of the same type as that 
of Leptyehaster. Furrow spines, slender, blunt, 6 to 7, of which that 
on the apex of margin is longest and most compressed, the rest de- 
creasing regularly in length. Sometimes one or both lateral spines 
are crowded back from the furrow, leaving 6 or 6 instead of the 
maximum number of 7 furrow spines. Twelve or 14 shorter 
spines stand on the surface of the plate ; about 3 of them are just 
back of the furrow series, and the remainder (more crowded and 
much diorter) are on outer part of plate. Sometimes the subambu- 
lacral spines arrange themselves in 3 longitudinal series, with 1 spine 
out of order back of the furrow series. 

Mouth plates rather large and prominent actinally, and with an 
armature unlike that of Persepkonasterj but more like that of Lepty- 
chaster and Blahiaster, There is no angular or fasciculate group 
of spines belonging to the marginal series between the base of the 
tooth and peristome. Marginal series, bordering furrow, rather long, 
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even, fairly straight, composed of 11 spines of which the inner is Sat- 
tened, oblong, blunt, 2.5 mm. long and directed upward, awa3' from 
the mouth. The next is a little shorter and slenderer, while the suc- 
ceeding 9 are of nearly uniform length, except the outermost 1 or 
2 which are shorter, and are nearly as long as second tooth. They 
are narrow, strap-shaped, compressed and blunt, and are like the mar- 
ginal spines of PsUaster^ only longer, being appressed against the in- 
termediate spines. This series is continued along the lateral sutural 
margin by a dozen smaller spinelets. The short stubby suboral spine- 
lets are arranged in about 3 series on each plate, only that adjacent to 
median suture reaching the teeth. The spines on the inner end of 
this series are rather thick and blunt, and the whole suboral arma- 
ture has the appearance of being crowded and graduated in lengdi 
from the marginal series to the outer end of the plates where the 
spinelets are like those of the adjacent intermediate plates, 

Madreporic body small, 2.5 its own diameter from marginal plates 
and crossed by rather coarse, irregular, transverse ridges and fine 
striae. 

Tube feet pointed, without deposits; strong superambulacral 
plates; marginal coelomic pockets as in PersephoncLster; gonads in- 
terradial. 

ryjt?^.— Cat. No. 30519, U.S.N.M. 

Type-locality. — Station 5289, Verde Island Passage, north of Min- 
doro (lat. 13° 41' 50" N.; long. 120° 58' 30" E.), 172 fathoms, 
broken shells, sand; 1 specimen. 

Distribution. — ^Known only from off southern Luzon, 172 to 210 
fathoms. 

SpeciTnens examined. — The type and 1 specimen from station 
5296, China Sea, vicinity of southern Luzon, 210 fathoms, mud and 
sand. 

Remarks. — Astromeaites differs from Persephonaster^ PsHaster^ 
and Bathyhiaster in having an odd interradial series of actinal in- 
termediate plates. It differs further from Persephonaster in lacking 
the latter's characteristic angular marginal series (or fasciculate 
group) of oral spines, and in having an angular series of furrow 
spines, rather than a comb ; from Psilaster in having broader mouth 
plates with numerous, crowded suboral spines in more than 1 series, 
an angular (not pectinate) furrow armature, and in lacking the 
thick, fleshy, actinal spinelets; from Bathyhiaster in lacking lobes 
on the abactinal plates, fleshy actinal spinelets, and in having a 
different type of dental and marginal armature. Astrom^ites agrees 
with BlaMaster and Leptychaster in having the odd interradial 
series of actinal intermediate plates, and the same type of adambu- 
lacral armature. It differs from BlaJciaster^ however, as indicated in 
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the diagnosis, and from LeptycJtaster in having amied inferomargi- 
nals of the type of Psilaster and Persephonaater, I should be in- 
clined to rank Aatromedtea with BlaJciaater were not the abactinal 
plates wholly different. 

Genus PERSEPHONASTER Alcock. 

Persephofuiater Wood-Mason and Alcock, 1891, p. 430. Type, P. croceus. 
PsUasteropsia Fisheb, 1906, p. 1023. Type, Pa. cingulata Fisher. 

KIT TO THE SPBCIECI OF PBBSBPHONA8TEB HBBBIN DESCBXBBD. 

a \ Marginal plates broad and conspicuous, the Inferomarglnals forming a wide 
bevel to actinal surface and bearing, on the outer tumid end, which pro- 
jects laterally beyond superomarginals, a prominent comb of slender 
spines, covering, at least proxlmally, a second smaller parallel comb; 
superomarginals with a transverse series of appressed spines or spinules. 
b \ With several spines on the actinal surface of inferomarglnals in addition 
to the lateral comb. 
c\ Rays broad and ];)etaloid, abruptly narrov/ed to a very attenuate ex- 
tremity; paxillar area broad; actinal Intermediate plates extending 
fully two-thirds the length of ray, and larger; inferomarginal plates 
wider; sui)eromarglnal spines more prominent and numerous. 

euryactis, p. 112. 
e\ Rays narrower, evenly tapered; paxillar area narrower; actinal inter- 
mediate plates extending a little over one-half length of ray, and very 
small distally; inferomarglnals narrower; superomarginal spinules 

inconspicuous luzorUcus, p. 118. 

h\ Only the lateral comb of inferomarginal spines (except on first 3 or 4 

plates ) anchUtus, p. 117. 

ff". Marginal plates massive, but not especially broad, the side of ray vertical ; 
rays slender, more or less attenuate at tip ; second lateral comb obsolete ; 
superomarginals unarmed or with single spine, not a transverse series. 
h\ Superomarginals not conspicuously tumid and without special spine; no 

abactinal pediceUariae independent of paxillar tenuis^ p. 121. 

h\ Superomarginals tumid, with a single spine, forming a straight series 
along ray; among the paxillae low plates bearing fasciculate pedicel- 
lariae independent of paxillae ; no erect lateral spine above the infero- 
marginal comb. 
c\ Superomarginals very tumid with the transverse ridge situated at mid- 
dle of plate, and evenly rounded from inner to outer edge; furrow 
spines 9; marginal fan of oral spines, S or 4, not prominent. 

muliicinctus, p. 123. 
c*. Superomarginals less tumid and with the transverse ridge situated be- 
tween center and distal margin of plate ; an appreciable angle between 
the dorsal and lateral surfaces; inferomarglnals broader, with less 
crowded, slenderer squajnules; furrow spines 7 or 8; marginal fan 

of mouth spines 5 to 7, prominent auluensia, p. 125. 

5*. Marginals tumid, the inferomarg^lnals being narrow and provided usually 
with an erect conical spine at upper end of plate, above the appressed, 
longer spines of the lateral comb; superomarginal spines in a single 
series along ray, passing from the inner edge of plate toward outer, 
after the fifth plate manostoeohua, p. 134. 
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a*. Marginal plates not massive, the superomarginals being small, sqiiariBb, 
and tumid, with a spine near center, and sometimes on the outer part of 
ray more than 1; the inferomarginals narrow but with a well-marked 
actinal face; rays depressed; paxillae rather spaced and delicate. 
h \ Rays broader ; inferomarginals at base of ray about two-thirds to three- 
fourths as long as wide; no actinal series of spinules; more than 1 
series of suboral spines, the mouth plates as a whole larger; marginal 
and subambulacral fasciculate pedicellarlae ; furrow spines 6 or 7. 

oediplax, p. 127. 

&*. Rays slenderer; inferomarginals narrower, the width not exceeding 

length, except on first 2 plates; 2 or 8 uptinal inferomarginal spinules 

proximally, in addition to lateral comb ; only 1 series of suboral spines ; 

no marginal or adambulafral pedicellarlae; furrow spines 5 or 0. 

hahrogenyBt P- IdL 

PEB8EPHONA8TBR BURTACT18 FIriMr. 

Plate 24, fig. 4 ; plate 25, fig. 4 ; plate 80, fig. 6 ; plate 35, figs. 1, loMf ; plate 36, 

fig. 1. 

Persephonaater euryactis Fibheb, 1913a, p. 613. 

Diagnosis. — ^R=92 mm., r=28 mm., R=4 r; breadth of ray at 
base, 24 to 26 mm. Bays depressed, broadly lanceolate, abruptly 
constricted near tip into a very attentuate, sharp extremity; inter- 
brachium abruptly rounded-angular; superomarginal plates broader 
than long, and after the first half dozen, confined to abactinal sur- 
face; each tumid plate with a transverse, appressed comb of 3 to 7, 
flat, sharp spines; inferomarginals much broader than long, the 
outer tumid end bearing a comb of about 5 prominent, sharp spines; 
proximal plates with a second lateral comb of 3 to 5 spines covered 
by the first; curved. furrow comb of 6 or 7 rather long spines; sub- 
ambulacrals proximally about 6 in a single irregular series; actinal 
intermediate plates extending two-thirds length of ray. 

Description. — ^Paxillae medium-sized, low, arranged in slightly 
oblique transverse series on rays, meeting a narrow radial area of 
irregularly arranged paxillae and a circular area on center of disk. 
Largest paxillae on disk are found interradially at about the middle 
of r, while on the rays the largest are in the lateral series near the 
radial line, although there is not much difference in size. At base of 
ray 6 or 7 transverse series correspond to 2 superomarginal& The 
spinelets usually stand erect in a compact flat-topped roundish group 
causing the paxillae to be spaced about one-half their diameter apart. 
Whenever the spinelets radiate the paxillae at once appear larger 
and closer together, even touching. Fifteen to 20 peripheral and 
10 to 15 central slender, terete, blunt spinelets, longer than the 
stout pedicel compose the crown of the larger paxillae. Many of 
the paxillae bear a central fasciculate or pectinate pedicellaria con- 
sisting of 4 to 8 jaws, considerably stouter but not much longer 
than the regular spinelets. There are several giant paxillae on the 
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disk, with upward of 60 or even more spinelets, and usually a central 
pedicellaria with 6 or 8 jaws. These may represent the primary 
apical plates. 

Dorsal plates or bases of paxillae, broadly elliptical or subcircular, 
with 4 to 6 shallow notches on border. Papulae 6 about a plate, but 
absent from a narrow radial streak and center of disk. 

Marginal plates massive. Superomarginals, 40 to a ray, are broad 
and tumid both as regards the cross and longitudinal axes, and are 
confined to the abactinal surface beyond the first half dozen plates. 
Proximally the plates are higher than ..wide, but they soon become 
much wider than high, and form a tumid raised border to the 
paxillar area. Inferomarginals extending laterally beyond the su- 
peromarginals. On the highest part of the plate, near the distal 
margin, is borne a transverse appressed comb of proximally 4 to 7, 
and distally 3 to 5, flat, sharp spines, the median or outer admedian 
usually the longest and about equaling the length of plate. On the 
proximal plates there is usually a second series of shorter spines 
just adorally to the first, which, farther along ray, are represented 
by several unequally enlarged, sharp, squamiform spinelets. The 
median transverse area of the plate is covered wit}^ closely appressed, 
acute, ovate squamules, which are rapidly transformed, toward the 
margins, into erect terete papilliform spinelets. 

Inferomarginal plates much wider than long, and with an extensive 
sloping actinal face, forming a prominent, slightly arched, beveled 
border to the actinal surface, the outer end of the plate being rounded, 
tomid, and projecting beyond the superomarginaLs. The width of 
a plate about equals the length of 2. The armature consists of a lat- 
eral comb of proximally 5 and distally 4 or 5 long, slender, sharp, 
slightly curved spines on the outer end of the plate, the next to the 
lowest, or the lowest being the longest; or the 8 lowermost are sub- 
equal and equal to the length of 2.5 inferomarginal plates. Con- 
tinuing this series along the distal margin toward the inner end o1 
the plate are proximally 4 or 5 and distally 2 or 8 sharp, appressed, flat 
tened, much shorter spines. Proximally this series reaches nearly to 
inner end of plate, but on the distal half of the ray the inner half of 
the plate is free from spines. In addition to these, the plates of the 
proximal half of the ray have a second comb of lateral spines parallel 
to and covered by the outer comb. This is a variable feature and is 
well developed only on the first 10 plates, but a renmant of the series 
in the form of a single spine continues nearly to the end of ray. 
There are usually 8 to 5 spines (considerably shorter than the other 
lateral spines) and several shorter spinules. The surface of the plate 
is covered with medium-sized, ovate or obovate imbricating, appressed 
squamules, with broad rounded ends. They are specialized into a 
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series of short pointed spinules just adorally to the series of lateral 
spines. 

Terminal plate small, rather oblong, with a small notch on the 
proximal end and a tuft of 5 or 6 small spines on the distal end. 
Surface covered with small lanceolate squamae. 

Actinal interradial areas small, owing to the breadth of infero- 
marginals. Intermediate plates exending in a single series to twenty- 
second to twenty-fourth inferomarginal or two-thirds the length of 
ray, but beyond the middle they are very small. A second series of 
small plates reaches the sixth or seventh inferomarginal. In a trans- 
verse series between the first adambulacral and first inferomarginal 
are 5 or 6 small plates. The plates are spaced and bear paxilliform 
groups of 8 to 12 papillif orm spinelets, and a few plates in the inter- 
radial region bear also a central tapering sharp spine 2 or 8 times as 
long as the spinelets. 

Adambulacral plates slightly wider than long, with wide sutures 
between. Furrow margin angular, bearing a comb of 6 or 7 long 
slender compressed round- or squarish-tipped spines, the central 2 or 
3 slightly the longest and with edge to furrow, the laterals with flat 
side thereto. The longest spines, at base of ray, equal 1.5 adambulacral 
plates in length or 1.3 inferomarginals, counting the intervening 
sutures in each case. Subambulacral spines proximally about 6, un- 
equal, slender, tapering and swollen by membrane, shorter than the 
furrow splines and arranged in usually a single irregular series. 
Farther along ray the number increases to about 10 short, papilli- 
form spinelets, in 2 series. On the outer part of ray they are no 
longer than the inferomarginal spinelets, but, of course, slenderer. 
The first plate is compressed, but still with a furrow comb of 6, and 
upward of 15 subambulacrals. 

Mouth plates prominent actinally and with the typical Persepho- 
naster type of armature. First there is a pair of stout, long, lanceo- 
late or oblanceolate teeth ; between the base of these and the peristome 
on either side is an oblique double row, or angular group, of 8 or 10 
short, flattened, blunt spines, resembling a pectinate or fasciculate- 
pectinate pedicellaria. These are part of the furrow or marginal 
spines, and are continued along the side of the plate, adjacent to £rst 
tube foot, in a series (on the same level with the teeth) ofl5 or 6 stouter, 
spatulate spines, forming a palmate group, but smaller in every way 
than the first adambulacral furrow series. On either side of the 
broad median suture is a series of about 12 to 15 broad, flat, leaf- 
like spines, the pair just back of the mouth spines being enlarged, and 
the outermost of the series smaller and more clavate. Between this 
series and the marginal, and extending far beyond the latter to the 
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duter end of plate, is an intermediate series of smaller flattened papil- 
liform round-tipped spinelets, also decreasing in size outward. 

Madreporic body small at the middle of the minor radius, but 
nearer edge of paxillar area than center of disk. Striae small, radiat- 
ing, irregular. 

T'yp^.— Cat. No. 30520, U.S.N.M. 

Type-locality, — Station 5297, Verde Island Passage, off JBatangas 
Bay, Luzon (lat. 13^ 41' 20" K; long. 120° 58' E.), 198 fathoms, 
mud and sand ; 2 specimens. 

Distribution. — ^The typical form is known only from the type 
locality. 

ReTnarks. — ^In the shape of the ray this species is like P. coelochiles 
Alcock (Andaman Sea, 230 to 250 fathoms) , but lacks the stout, erect, 
superomarginal spine, and has the abactinal plates irregular along 
the radial line. The inferomarginal plates of euryactis are wider, 
and in coelochiles the second series of actinal intermediate plates ex- 
tends far along the ray. The actinal accessory inferomarginal spines 
are lacking in coelochiles. P. misakiensis Goto is a closely related 
species. 



PERSEPHONASTER EURYACTIS BREVISPINUS. new 

Plate 24, fig. 2 ; plate 25, fig. 3 ; plate 30, fig. 2 ; plate 36, figs. 2, 2a. 

Diagnosis. — Differing from the type form in having fewer and 
shorter superomarginal spines, which are usually lacking on the 
first 5 or 6 plates, pedicellariae with slenderer jaws, and subambu- 
lacral spines in 2 rows throughout the ray. K=73 mm., r=19 mm. 
R=3.8+r. 

Description. — The general appearance is closely similar to that of 
the type form, especially in respect to the size of disk and shape of 
ray. The paxillae are similar but the pedicellariae are not quite so 
numerous and the jaws are little if any stouter than the spinelets. 
Superomarginal plates with only a tuft of inconspicuous spinules, 
with 1 to 3 enlarged, but much shorter than the plate. Inferomar- 
ginals with the second lateral series of spines usually well developed 
and not reduced to a single spine until past the middle of ray, but 
this is rather variiible, for a specimen from station 5550 (referable 
probably to a distinct forma of this race) has the second series less 
well developed than in euryactis. The actinal continuation of the 
primary lateral series consists of from 5 to 3, and finally 2 spinules, 
practically as in the type form. Furrow spines usually 7, and the 
subambulacrals in 2 series at the base of ray as well as on the outer part. 
Most of the actinal intermediate plates of the disk, adjacent to adam- 
bulacrals, bear a grorup of 6 or 8 tapering, blunt papilliform, or 
sharper, spinelets forming a fasciculate pedicellaria, more marked 
than in euryartis. 
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Afuitomical notes. — ^More specimens of hrevUpinvs being available 
than of the type form, it has been used for dissection. 

Stomach eversible, with a single chamber, a circle of small gland- 
like out-pouchings of the dorsal surface representing perhaps the 
rudiment of the dorsal stomach. ' Hepatic coeca rather short, reach- 
ing about as far as seventh superomarginal plate; intestinal coeca 
conspicuous, and shaped somewhat like a butterfly, the intestine 
being where the body of the butterfly would be, and the 4 wings being 
represented by symmetrical divisions of the coecum. Anal aperture 
small. The greatest diameter of coecum equals about one-half r. A 
strong muscle proceeds downward from the base of the hepatic coe- 
cum and is attached to the first 3 ambulacral ossicles. Another pro- 
ceeds from the fifth ambulacral ossicle and dividing into several 
branches is attached to the wall of the stomach, below the coeca. 
There are 10 of each of these. Gonads interradial, there being 
a single tuft depending from the dorsal integument on either 
side of the membranous interbrachial septum. Tube feet pointed, 
but with a small button; ampullae strongly double; Polian vesicles 
one in each interradius, except that of madreporic body, where there 
are 2. They are of an unusual form, having a narrow proximal neck 
and an enlarged distal kidney-shaped portion, around the edge of 
which are many simple or divided fingerlike coeca. Superambu- 
lacral plates well developed, absent from first 3 ambulacral plates. 

Between the superomarginal and inferomarginal plates a series 
of tubelike diverticula of the coelom proceed horizontally toward the 
outside. The position of each diverticulum is where the transverse 
edges of 2 superomarginals and 2 inferomarginals meet, and the 
largest pore is the interradial one, while the others decrease in size, 
being quite small on the outer part of the ray. The outer end of the 
pore has a corresponding position with reference to the 4 plates. It 
ends blindly against the skin, but I have not been able to demonstrate 
a papula, although from the inside the passages have the appear- 
ance of papular porea A natural supposition would be that they in- 
dicate where papulae once existed. In Persephonaster oediplax the 
pores are proximally still larger but no papulae can be discovered. 
The same pores exist in PaUaster, 

Type.—C2Lt No. 37002, U.S.N.M. 

Type-locality. — Station 6289. Verde Island Passage, north coast of 
Mindoro (lat. 13° 41' 50" N.; long. 120° 58' 30" E.), 172 fathoms, 
shells, sand. 

Distribution. — Balayan Bay, Luzon, and vicinity, and near Jolo 
Island, 172 to 258 fathoms. Apparently this variety lives on harder 
bottom than the type form. 

Specimens examined. — Six; 8 from type-locality and 1 from each 
of the following stations : 
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Station 5290, near type-locality, 214: fathoms, lava, gravel. 
Station 5365, Balayan Bay, Luzon, 214 fathoms. 
Station 5550, vicinity of Jolo Island, 258 fathoms, fine sand, shells, 
bottom temperature 52.3° F. 

PERSEPHONASTER ANCHISTUS Fisher. 

Plate 26, fig. 8 ; plate 27, fig. 2 ; plate 36, figs. 4, 4a-d. 
Persephonaater ancJUatus Fisher, 1913a, p. 614. 

Diagnosis. — ^Similar to P. euryactiSj but with slightly slenderer 
rays which taper evenly on the outer part to an attenuate extremity; 
actinal inferomarginal spines lacking except on the first few plates; 
superomarginal spines lacking on first 3 to 5 plates, and distally 1 
to 3 in number; lateral comb of spines as in euryactis^ but the second 
comb very poorly developed, usually represented by a single spine, 
behind one of the top spines of the first comb ; paxillae arranged as 
in euryactis and of about the same size, but with slightly longer 
spinelets; abactinal pedicellariae numerous, with jaws only slightly, 
sometimes not any, thicker than the surrounding spinelets; subam- 
bulacral spines slightly more numerous than in euryactis^ in 2 or 8 
longitudinal series. R=143 mm., r=34: mm., E=4:.2 r; breadth of 
ray at midinterbrachium, 34 mm. 

Description. — The spinelets of paxillae usually stand erect, forming 
a flat-topped, compact 4-sided or rounded group. A rather large 
paxiUa has 15 to 20 slender terete, blunt peripheral spinelets and 8 
to 12 central ones, of which 3 or more are often slightly swollen and 
curved to form the jaws of a fasciculate pedicellaria. Abactinal 
plates elliptical, but with slightly undulating margin— not quite so 
• obviously nicked or scalloped as in euryaetis. 

Superomarginal plates, 48 to a ray in the type, have the same pro- 
portions as in euryaetis^ and the type has usually 3 spines in a simi- 
lar position except on the first 2 to 4 plates. Sometimes there are 4 
or 5 spines. The central is the largest, and proximally is about as 
long as the plate, but distally is one and a half times. The specimen 
from station 5116 has usually only 1 spine not so long as its plate. 
The general covering of the plate is similar to that of euryaetis. 

Inferomarginals about the same proportions as in euryaetis^ but 
lacking the actinal continuation of the lateral comb except on the 
first 2 to 6 plates where actinal spines occur irregularly. This dif- 
ference is the most striking one between euryaetis and anchistus. 
The lateral comb has proximally 4 or 5 prominent appressed spines 
and distally 2 to 4. Underneath these there is often a single spine, 
the rudiment of the second lateral series. In the type the squami- 
fonn spinelets are much as in euryaetis^ though in the specimens 
from Balayan Bay they are much slenderer and pointed not truncate 

13434— Bull. 100—19 ^9 
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or round tipped. Similarly the superomarginal squamules of these 
specimens are slenderer. 

Actinal intermediate plates extending two-thirds the length of 
ray in a single series; and in a double series as far as the eighth 
inferomarginal of type, and fifth of cotype (station 5116). The type 
seems to lack actinal intermediate pedicellariae, but a few are present 
in the cotype, next the proximal adambulacral plates. 

Adambulacral armature similar to that of euryaetiSy but differing 
slightly in having more subambulacral spines. Proximally there 
are 8 or 10 in 2 series with the beginning of a third, and distally 
there are 12 to 14, in 3 irregular series, or without very definite serial 
arrangement. Furrow spines 6 or 7 in type, 7 or occasionally 8 in 
cotype, compressed, long, round-tipped or dully pointed. The mouth 
plates do not show any marked points of difference. 

Color in life : " Salmon color " above, below very light (specimen 
from station 5111). 

Type.— Cat No. 30521, U.S.N.M. 

Type-locality. — Station 5301, China Sea, vicinity of Hongkong 
(lat. 20° 37' N.; long. 115° 43' E.), 208 fathoms, gray mud, sand, 
bottom temperature 50.5° F. 

Distribution. — Vicinity of Hongkong to southern Luzon, 200 to 
236 fathoms. 

Specimens examined. — The type, and 1 specimen from each of the 
following stations : 

Station 5111, Balayan Bay, Luzon (13° 45' 15" N.; 120° 46' 30" 
E.),236 fathoms. 

Station 5116, same locality, 200 fathoms, bottom temperature 
50.2° F. 

ReTMvrks. — Persephonaster anchistus is veiy close to P. euryactis^ 
but the difference in the inferomarginal armature is constant. The 
specimens from Balayan Bay have the additional difference of pos- 
sessing slender, pointed, inferomarginal spinelets. 

Through lack of specimens it has not been possible to decide sat- 
isfactorily the status of this species. It is one of those exasperating 
forms which presents a close similarity to another species, yet has an 
obvious difference, the value of which it is not practicable to test 
rigorously on account of insuflScient material. 

PERSEPHONASTER LUZONICtJS Fisher. 

Plate 23, fig. 8 ; plate 24, fig. 1 ; plate 36, fig. 3, ZOr^. 
Persephonaster luzonicus Fisher, 1013a, p. 614. 
Diagnosis. — ^Resembling, in armature, P. euryactis hrevispvnus^ but 
with narrower, evenly tapered rays, much narrower paxillar area, 
fairly large compact paxillae having slightly shorter spinelets, nar- 
rower inferomarginal plates, and a shorter series of actinal inter- 
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mediate plates. R=78 mm., r=:18 mm., R=4.3 r; breadth of ray 
at midiiiterbrachium, about 20 mm. 

Description, — The most striking difference between this species 
and P. euryactis hreviajnnus is in the narrower rays, which, instead 
of being rather broad near the tip and then quickly narrowing to 
an attenuate extremity taper gradually from a narrower base. The 
superomarginals are of the same width in the two species, and as 
a consequence the paxiUar area is much narrower in Imonicus^ its 
width at one- third R from center being one and two-thirds to slightly 
less than twice the extreme width of a neighboring superomarginal, 
and at two-thirds R, about as wide as the superomarginal. In 
ewryactis these members are respectively '2.5 or 2.75 and 1.76. 

The paxillae are compact and the transverse series on the rays are 
interrupted along the median line. The paxillae are relatively a 
little larger than in euryaetis. An average large paxilla from base 
of ray or interradius has 18 to 25 peripheral and about the same num- 
ber of slightly shorter central spinelets, slender, terete bluntly 
pointed. Pedicellariae are very variable in occurrence. In the type 
they are lacking, or at least very scarce, but in an example from 
station 5329 they are very numerous, occupy the center of the tabu- 
lum and consist of 4 to 6 spiniform jaws a little shorter and stouter 
than the other spinelets. Abactinal plates broadly ellipitical to 
subcircular. 

Superomarginals, 39 or 40. The lateral face is about half as high 
as width of dorsal, and on the well-rounded margin between the two, 
and near the distal edge of plate, are borne 1, 2, or 3 short, flattened, 
sharp, appressed spines. The plate is covered with appressed, 
pointed squamules, which become slender small spinelets around the 
borders of the plate, and especially in the shallow transverse chan- 
nels between the plates. Terminal plate shorter and more ovoid 
than in eurycwtia. 

Inferomarginal plates with a lateral comb of about 5 spines very 
similar to those of euryaetis^ and along the distal margin of the 
actinal surface, are proximally 3 or 4 appressed shorter spines, which 
are reduced distally to 2 and finally to 1. The second lateral series 
is variable but usually fairly well developed, with 3 to 5 spinules 
lying parallel to and under the upper half of the primary series. 
It extends typically farther along the ray than in euryaetis. The 
plates are covered with flat round-tipped squamules, becoming longer 
at inner end of plate and resembling those of euryaetis. 

The actinal intermediate plates, owing to the narrowness of the 
ray, are very small beyond the proximal third or fourth, and al- 
though they extend to the twentieth or twenty-first inferomarginal, 
or a little over one-half the length of ray, they are practically rudi- 
ments attached to the inner edge of the inferomarginals. The inter- 
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radial areas are small. The plates bear groups of rather slender 
spinelets, and in the interradial areas usually a central appressed 
spine, except on the plates adjacent to the adambulacrals, which bear 
pectinate or pectinate-fasciculate pedicellariae with 6 to 10 pointed 
jaws. 

Adambulacral armature similar to that of euryactis^ but furrow 
spines 7 or 8, the eighth being usually a shorter spine at the adoral 
end of the series. Proximally there are 8 or 9 subambulacral spines, 
slender, terete, blunt, much shorter than the furrow spines and in 
2 longitudinal series; distally, 10 or 12 similar but relatively a little 
shorter spinules in 2 series, with often the beginning of a third, on 
the outer part of plate. 

The mouth plates do not seem to differ constantly from those of 
euryactis. 

Madreporic body similar to that of euryactisj situated at middle 
of r ; striae numerous, rather fine, raidating from near center. 

Anatomical notes. — ^The only internal features that show a tangible 
difference from those of ewryactis are the Polian vesicles and intesti- 
nal coecum. The latter is of the same general form, but smaller, while 
the former has a larger distal portion with fewer coecal appendages. 
It is not unlikely that the form varies greatly with the degree of 
expansion of the bladderlike portion, and the size of course would 
vary similarly. 

Type.—CoX. No. 30522, U.S.N.M. 

Type-locality.— Station 6326, off northern Luzon (lat. IS"" 32' 35" 
N.; long. 122** 01' E.), 230 fathoms, mud; bottom temperature. 
55.4^ F. 

Distribution. — Known only from off northern Luzon. 

Specimens examined. — Seven ; 3 from type-locality, and 4 from the 
following stations: 

Station 5325, vicinity of type-locality, 224 fathoms, green mud, 
bottom temperature 53.2° F.; 1 specimen. 

Station 5328, vicinity of type-locality, 150 fathoms, blue mud, bot- 
tom temperature 53.2° F. ; 1 specimen. 

Station 5329, vicinity of type-locality, 212 fathoms, blue mud, bot- 
tom temperature 51.4° F. ; 2 specimens. 

Remarks. — ^This species resembles both P. euryactis brevispinus 
and P. tenuis. It differs from P. anchistus in having the actinal in- 
f eromarginal spines, and in having narrower rays, narrower paxillar 
area, shorter paxillar spinelets, and a less extensive series of actinal 
intermediate plates on the ray. It is perhaps a little farther removed 
from P. euryactis than is P. anchistus^ and it stands about midway 
between euryactis and tenuis. If anchistus and luzonicus are re- 
garded as varieties of euryactis^ then it will be difficult to consider 
tenuis more than a variety of luzonicus. The result would be the 
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association of very dissimilar forms under one specific name, yet 
notwithstanding this they may each represent but a form of a highly 
polymorphic speciea I know of no way to settle the question with 
the available material. The presence of gaps between the types has 
been my reason for regarding them as separate species. 

PEBSEPHONASTER TENUIS Ffsher. 

Plate 22, fig. 1 ; plate 23, fig. 2 ; plate SO, fig. 1 ; plate 87, figs. 1, la-d. 
Persephonaster tenuis Fisher, 1913a, p. 615. 

Diagnosis. — ^A slender-rayed species with blocklike conspicuous 
marginals, which are not markedly tumid as in the "cingulate" 
species such as multicinctus^ cingulatus^ and roulei; superomarginals 
^ith slightly wider dorsal than lateral face; lateral face of ray per- 
pendicular, the upper and lower margin evenly and abruptly rounded ; 
superomarginal plates without conspicuous spines; inferomarginals 
narrow, with lateral comb of, proximally, 5 rather short slender ap- 
pressed spines, and 1 actinal spinule on the proximal plates only; 
furrow spines 7 or 8; subambulacrals 4 to 7 proximally, distally 8 
to 10; a few fasciculate adambulacral pedicellariae. E=81 mm., 
r=18 mm., R=4.5 r; breadth of ray at base, 20 mm., at tenth supero- 
marginal, about 11 mm. 

Description, — ^Paxillar area rather narrow, but superomarginals 
narrower than in luzomcuSy so that the area appears wider than in 
that species (although of about the same width). Paxillae arranged 
as in foregoing species and of nearly the same size and shape, being 
low tabulate but with slightly larger and fewer spinelets. A large 
paxilla from interradial area has about 15 to 18 peripheral and 8 to 
12 central, terete, slender, blunt, or bluntly pointed spinelets, a little 
longer than the low tabulum. Many paxillae have an inconspicuous 
central fasciculate or fasciculate-pectinate pedicellaria with 4 to 6 
spmiform jaws. 

Superomarginals 37, much less tumid than in muLticinctua^ and 
about as tumid as in luzonicus; dorsal face slightly wider than the 
lateral, the angle between the two evenly rounded. The transverse 
fascicles between the plates are shallow and more abrupt than in 
muUidnct'US^ the tumidity being near the aboral margin and not in 
the middle. Plates covered with very small, slender appressed squami- 
form spinelets, which beyond the middle of ray become enlarged 
into 1 to 8 short appressed inconspicuous spinules. Terminal plate 
slender, subcylindrical, longer than wide, with a conspicuous ter- 
minal spine and a much smaller spinelet on either side. 

Inferomarginals narrower than in luzonicus; lateral face a little 
narrower than that of superomarginals and bearing a slightly ob- 
lique comb of proximally 5, distally 3 or 4, slender, appressed, sharp 
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spines, the lowest but one usually the longest, and the lowermost 
next longest, the former slightly exceeding the plate in length. 
Underneath the upper members of this series, on the first few 
plates, a rudiment of the second comb is usually present and the 
first half dozen plates have a small solitary spinule near the middle 
of the actinal surface and distal margin of the plate — a rudiment 
of the actinal spines of Imonicua and euryactis. The actinal sur- 
face of the plates is much narrower than in Ivzonicus and a trifle 
wider than in mviticinctus. The general covering of the plates con- 
sists of appressed, uncrowded, squamules round tipped at base of 
ray, becoming pointed distally. 

Actinal intermediate plates small on the ray, a single series ex- 
tending to the tenth inferomarginal or less than one-third the length 
of ray measured along side. For the length of 5 inferomarginals 
beyond this point the series is continued by a variable number of 
minute rudiments not visible unless the inner end of the inferomar- 
ginals is cleaned of spinelets. In a transverse series between the 
first adambulacral and inferomarginal are 5 small plates. The 
plates bear spaced groups of 4 to 8 lanceolate, papilliform, blunt, 
spinelets, the central one being sometimes enlarged. Several plates 
adjacent to the adambulacrals bear a pectinate or fasciculate-pecti- 
nate pedicellaria with 6 or 8 teeth. 

Adambulacral armature of the type of the foregoing species. 
Furrow comb of 7 or 8 spines, the laterals the shortest, so that the 
end of the fan has a curved contour. Proximal plates with 4 to 7 
subambulacral spines in a single series, with a spine or 2 out of 
line, and distally 8 or 10 in 2 or 3 series, all much shorter than the 
furrow spines. On a few plates some of the spines form a simple 
fasciculate pedicellaria, and are not appreciably modified. The first 
and second plates are conspicuously compressed, the first with a 
double pectinate transverse series of 14 to 16 spines. 

Mouth plates and armature similar to forgoing species. The 
marginal spines below the base of the large inner tooth are short 
conical and bluntly pointed and form a fascicular group of 6 or 7 
resembling a pedicellaria. The portion of the series on a level with 
the teeth consists of 3 or 4 small spines; the inner tooth is thick, 
slightly tapered and blunt. The superficial spines are in 2 series 
on each plate, the inner next to suture reaching the outer end of 
plate and consisting of rather thick, blunt, lanceolate spinules; the 
intermediate spines are irregularly placed, much smaller, and do 
not attain the outer end of plate. 

Madreporic body medium-sized, the adcentral edge being at the 
middle of r. 

Type.—C^Lt No. 30523, U.S.N.M. 
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I 

Type-localUy. — Station 5801, China Sea, vicinity of Hongkong 
<lat. 20° 37' N.; long. 115° 43' E.), 208 fathoms, gray mud, sand, 
bottom temperature 50.5° F.; 1 specimen. 

Distribution. — China Sea, vicinity of Hongkong. 

Specimens examined. — The type, and 1 specimen from station 
5302, near type-locality 38 fathoms, soft gray mud (probable error 
in locality). 

Remarks. — This species diflFers from Imonicus in having still nar- 
rower rays; superomarginals which encroach less upon the paxillar 
area, and which have proportionately higher lateral faces; more 
delicate superomarginal spinelets; practically no specialized spines, 
except a very small one on the distal plates; actinally narrower in- 
feromarginal plates with only 1 small actinal spine on a few proxi- 
mal plates; shorter lateral spines; more restricted actinal interme- 
diate plates; adambulacral pedicellariae; proximally fewer subam- 
bulacral spines; longer and slenderer terminal plate. The narrow 
rays, narrow inferomarginals and superomarginals, shorter lateral 
spines, and the short series of actinal intermediate plates are among 
the differences separating tenuis from euryactis and anchistus. 
From multicinctus^ tenuis differs in not having such tumid marginal 
plates, in having shorter lateral spines, no superomarginal spine, 
fewer furrow spines, smaller paxillae, and a more pronounced angle 
between the actinal and lateral faces of the inferomarginal plates. 
In mtdticinctus the actinal surface of the plates is beveled and the 
outer end quite tumid. An additional difference is the absence in 
tenuis (and in the other preceding species) of the specialized abac- 
tinal pedicellariae. These occupy low plates independent of the 
paxillae. 

PsHaster gracilis Sladen seems to be an aberrant Persephonaster^ 
with much reduced marginals. It differs from PsHaster and agrees 
with Persepkonaster in having at the base of each tooth a group of 
spinelets — a part of the marginal series — directed across the mouth 
of the furrow. P, gracilis has even more attenuate rays than P. 
tenuis, and has much smaller marginal plates. The inferomarginals 
are narrow and rounded, without a prominent actinal face, and the 
mouth plates are smaller, with a smaller tuft of spinelets at the 
mouth of furrow. 

PERSEPHONASTER MULTICINCTUS Ftshcr. 

Plate 25, fig. 1 ; plate 26, flg. 1 ; plate 27, flg. 1 ; plate 37, flga 2, 2ar-c, 

Persephonaster multicinctua Fisher, 1913a, p. 616. 

Diagnosis, — Of the type of P. cingulatus Fisher and related to P. 
raulei Koehler, from which it differs in having abactinal and mar- 
ginal pedicellariae; fewer paxillar spinelets; a slender appressed, 
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central superomarginal spine, forming a single longitudinal series 
along ray (not 2 conical robust ones, forming 2 parallel series along 
ray) ; more numerous furrow spines. Disk larger than in either 
cmgulatus or rouLei. Il=110+inm. (tip of ray broken), r=24 mm., 
E=4.6+r; breadth of ray at base 28 mm. Interbrachia open; rays 
tapering very gradually ; height of ray at base less in proportion to 
width than in cingulatua or patagiatw. 

Description. — Marginal plates massive, tumid, the superior series 
encroaching markedly upon paxillar area ; the latter narrow on rays, 
beyond the middle being about as wide as a corresponding supero- 
marginal. Paxillae small, with a low pedicel surmounted by a flat- 
topped group of terete, blunt spinelets as long, or slightly longer 
than height of tabulum. Largest paxillae, at base of rays and on 
disk at middle of r, with about a dozen peripheral and 5 to 7 central 
spinelets* Far along ray the spinelets are much higher than tabulum 
and as few as 2 (h^ 2^ more often 5 to 8 in a coordinate group. 
Scattered over the paxillar area are fairly numerous plates without a 
perceptible tabuktflf and with 2 to 10 tapering, pointed spinelets, 
marirodly stouter than those of the regular paxillae, and forming 
fasciculate or fasciculate-pectinate pedicellariae. Plates interme- 
diate between these and the normal paxillae are observable. Some- 
times the spines form two opposed rows, sometimes are grouped in a 
circle. 

Superomarginals over 40, shaped as in P. cingfdattis^ the median 
transverse line being covered with scalelike granules, the slopes on 
either side with tiny terete spinelets. Near middle of plate are one 
or 2 slender appressed, sharp, flattened spinules not as long as the 
plate (absent &om 6 or 7 interbrachial plates). Each plate also has 
several inconspicuous fasciculate pedicellariae, modified from both 
the slender and the scalelike spinelets, and occurring on both upper 
and lateral faces of plate. 

Inferomarginals corresponding to superomarginals in number and 
position, tumid and encroaching upon actinal area about as much as 
in cingulatus. Proximally the plates bear a lateral oblique comb of 
8 or 4 slender, flat, sharp, appressed spines, about the same length as 
in cingulatus (but fewer). The general covering of the plates con- 
sists of squamiform granules, or spinelets, becoming more spiniform 
on the margins. There is also a fasciculate spiniform pedicellaria 
near the upper margin of most of the plates. 

Actinal interradial areas small; the first series of intermediate 
plates extending to the eighteenth inferomarginal, or half the length 
of ray, the outer plates being small and rudimentary ; the second series 
to the sixth plate; the third series to the third plate, while in the 
first interradial series between mouth and first inferomarginal plates 
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7 plates occur, and in the next 2, also meeting the first inferomar- 
ginal, are 6 and 6 plates, respectively. The covering of the inter- 
mediate plates resembles that of dngtUaius^ but the spinelets are even 
more numerous and each interradial triangle contains about 10 or 12 
slender elongate spines and a very few fasciculate pedicellariae, with 
4 or 5 spiniform jaws on the plates adjacent to adambulacrals. 

Adambulacral plates with a curved furrow margin, 9 furrow and 
2 longitudinal series of slender, membrane-covered, rather fleshy 
subambulacral spines, about 6 in the inner series and 4 to 7 slightly 
shorter ones in the second. The tips of the furrow comb form a 
straight or only slightly curved contour, and the armature is of the 
type of cingulatus. The subambulacral spines have a conspicuous 
lateral flange of skin, and look as if webbed for more than half their 
length. They are not, however. The appearance is due to the juxta- 
posed edges of the vanes. On the first to the third plates a few 
actinal spinelets may be coordinated into a conical pedicellaria. 

Mouth plates with a very large, broadly lanceolate, inner tooth, 
llie true furrow series forms a very acute angle on the level of the 
base of this spine in such a way that a horizontal or oblique double 
series of altogether six or seven spinelets projects across mouth of 
farrow, near the peristome. Ten or more additional spinelets con- 
tinue this series from the base of the tooth along the true margin 
of plate to the outer end, and considerably above (as viewed ac- 
tinally) the double angular series referred to above. There are 
numerous suboral spinules in 2 additional (interradial) series much 
as in cinguUttus, 

Madreporic body small, very convex, on the marginal side of the 
center of r. Striae like those of cingulatus. 

Type.— C&t. No. 30524, U.S.N.M. 

Type-locality.— Stsition 5648, Buton Strait, Celebes (lat. 5° 35' S.; 
long. 122° 20' E.), 559 fathoms, green mud, bottom temperature 
Z93^ F. 

Remarks. — ^This species differs from P. cingulatus in having 
much smaller paxillae, abactinal and numerous marginal fasciculate 
or fasciculate-pectinate pedicellariae, 1 or 2 slender appressed supero- 
marginal spines, fewer inferomarginal spines, smaller inferomar- 
ginal squamiform granules or spinelets; much heavier teeth; larger 
disk; and the combined marginal plates are lower in proportion to 
width of ray. 

PEBSKPHONASTBR SULUENSIS Fisher. 

Plate 22, fig. 2 ; plate 23, fig. 1 ; plate 38, figs. 1, lo-^. 
Periephcnaiter 9uluen9is Fisher, 1013a, p. 617. 

Diagnosis. — Near P. mxdticinctus. Differs in having the supero- 
marginal plate with the transverse ridge between the center and 
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aboral margin of the plate, not in the center; inferomarginals appre- 
<;iably broader, with less crowded squamules; furrow spines 7 or 8; 
marginal fan of mouth spines prominent, 5 to 7, nearly as long as 
first adambulacral furrow spines. E=61 mm., r=14 mm., R=4.3 r; 
breadth of ray at base, about 16 mm. 

Description. — ^The difference in the appearance of the abactinal 
surface of suiuensis and multicinctus is chiefly due to the more evi- 
dent tumidity of the latter's superomarginals, and the position of 
the summit of this on the median transverse line of the plate— not 
near the distal margin. The superomarginals of suLuensis are not 
evenly rounded from the inner to the lower or outer margin but have 
a fairly plane and horizontal dorsal facet at nearly right angles to 
the lateral, the margin of the ray being abruptly rounded. In sulu- 
^nsis the spinelets of the exposed surface are lanceolate squamules, 
while in mviticinctus a narrow transverse band is clad with roundish 
squamiform granules abruptly larger than the other spinelets. In 
siSAiensis the inferomarginals extend laterally slightly beyond the 
superomarginals, and the lateral comb consists of proximally 4 and 
distally 3 sharp, slender appressed spines. The first 2 or 3 plates 
may have a rudiment of the second comb, covered by the upper 
spines. This is lacking in rmbUicinctus^ and the inferomarginals do 
not extend laterally beyond superomarginals. The plates are wider 
«nd the actinal surface more nearly plane than in rrmlticinctus. On 
the first 8 plates a delicate spinule, spaced from the lateral comb 
stands on the adoral margin, as in temm, (In nmlticinctus this 
spine is present but larger, and a second may be present on the first 
5 or 4 plates.) The squamules covering the plates are lanceolate to 
oval, smaller than in rmilticinctus^ and slightly spaced, not crowded 
and overlapping. 

The abactinal paxillae are about the same size as in nmlticinctus. 
A large paxilla has 15 to 18 peripheral and 8 to 10 central, delicate, 
terete, spinelets, shorter than the low pedicels. The pedicellariae are 
distinctly larger than neighboring paxillae and have 4 to 8 pointed 
jaws, either forming 2 opposing rows, or a circle. There are a num- 
ber of low paxillae, with spinelets, in addition to the pedicellariae, 
forming a transition between normal paxillae and the low pedicel- 
larian plate. In proportion to the neighboring plates the pedicel- 
lariae of suluensis are larger than in multicinGtuSy in which the 
pedicellariae are equal to the paxillae, or sometimes a trifle smaller 
or a trifle larger, but not conspicuously larger. 

Actinal intermediate plates extending nearly two-thirds length of 
ray, but the outer ones are minute and rudimentary. In multicinctus 
they extend half the length of ray. The plates bear groups of rather 
nimierous, slender, spinelets, with one enlarged, in the interradial 
region. Most of the proximal plates adjacent to the adambulacrals 
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bear fasciculate pedicellariae. These are present in multidnctus^ but 
are much smaller, as they never occupy the whole plate. The en- 
larged spinules are larger in multicinctvs. 

Mouth plates with a conspicuous lateral fan of 5 to 7 marginal 
spines, nearly as long as the first adambulacral furrow spines, and 
the usual oblique double series of about 10 spinelets between the base 
of tooth and peristome. The superficial spines are in 2 series on 
each plate, and the marginal series is carried to the outer end of plate 
by several additional small spinelets. The teeth are much as in sev- 
eral other species, rather long, stout, slightly swollen, with a blunt 
tip. In rrmlticinctua the lateral marginal comb is much less con- 
spicuous. 

Type,—C9Lt. No. 30625, U.S.N.M. 

Type-locality. — Station 5424, Sulu Sea, near Cagayanes Islands, 
340 fathoms, coral sand, bottom temperature 50.4° F. ; 1 specimen. 

Remarks. — This species is similar, also, to P. tenuis^ but differs in 
(ie presence of the conspicuous though small superomarginal spine, 
the wider inferomarginals, the much less compressed first adambu- 
lacral plates, the longer and more numerous marginal mouth spines, 
the proximal subambulacrals in 2 series, and the specialized abactinal 
pedicellariae. From suhiends^ luzonicus differs in having con- 
spicuously wider marginal plates, no specialized abactinal paxillae, 
and in lacking all but rudiments of the actinal inferomarginal spines 
and the second lateral comb. P. anchistua which, like mluenais^ lacks 
the actinal inferomarginal spinej^, differs in having wider rays, miore 
depressed superomarginals, no specialized abactinal paxillae, usually 
more numerous superomarginal spines, longer paxillar spinelets, a 
more extensive series of actinal intermediate plates. The oral and 
adambulacral armature is much alike in both species, but the dis- 
tinctly broader rays and more depressed marginals of anchistvs will 
serve to separate it at once. It is probable that stJ/uenais is rather 
closely related to anchistuSj as well as to mvlticinctus^ although the 
curious pedicellariae are lacking in anchistus^ the less specialized 
paxillar type only being present. 

PERSEPHONASTER OEDIPLAX Fisher. 

Plate 22, figs. 3, 4 ; plate 23, fig. 4 ; plate 31, figs. 2, 3 ; plate 38, figs. 2, 2a^. 

Pertejkhonasier oediplax Fisher, 1913a, p. 617. 

Dioffnosis. — ^Marginal plates small and tumid, the superomarginals 
bearing a central or subcentral small spine, or distally 2 ; the infero- 
marginals extending laterally slightly beyond superomarginals, the 
tumid outer end bearing a narrow comb of 3 or 2 slender appressed 
spines; no actinal inferomarginal spines; superomarginal, infero- 
marginal, abactinal, actinal intermediate, and subambulacral fasci- 
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culate pedicellariae; furrow spines 6 or 7, rather long, slender, com- 
pressed ; subambulacral spines 8 to 12, slender and short. Rays long, 
of medium width, thin and with an attenuate extremity. R=95 
mm., r=20 mm., R=4.75 r; breadth of ray at base, 22 mm.; breadth 
at two-thirds r, 8 mm. 

Description. — Rays, slightly variable in width, but of medium 
breadth, appressed, the marginal plates forming a thin edge. The 
superomarginals do not encroach much upon paxillar area and in 
consequence the latter is broad. Abactinal integument rather thin 
and flexible, and the paxillae in consequence of the upright position 
of their spinelets, appear spaced. Arrangement of paxillae typical 
of PersepJioruiater. Paxillae largest on interradial regions and adja- 
cent portions of the base of ray where they are of medium size, and 
consist of 15 to 20 terete pointed spinelets longer than the rather low 
pedicel. In the center of the disk the paxillae are very slender, with 
8 or 10 spinelets, the pedicel being longer, shorter, or equal to them 
in length. Many paxillae have a fasciculate pedicellaria of slightly 
thickened spinelets. 

Abactinal plates irregularly elliptical on papular areas and more 
roundish on median radial line. Plates of the transverse series touch 
each other or even overlap slightly but consecutive series are spaced. 
Many of the plates of the outer half of ray are shaped like an open 
fan, and the transverse rows are little or not at all interrupted on 
the radial line. Papulae absent from small area at center of disk and 
along a narrow radial band. 

Superomarginals, 40 in number, are quite small and form a nar- 
row border to paxillar area, the inferomarginals extending laterally 
beyond them and forming a scalloped margin to the ray. In the 
interbrachial angle the plates are wider than long, then they become 
square, and beyond the first third of the ray the length gradually in- 
creases over the width, as the plates become smaller and smaller. 
The plates are tumid, the apex of the tumidity bearing a short, coni- 
cal spine and moving from the middle of the plate (at base of ray) 
to a little distad of the middle. On the outer fourth of the ray the 
plates are not tumid, and have 2 or 3 spines in a transverse series. 
The plates are covered with a fine nap of very delicate spinelets, be- 
coming appressed around the base of the spine and most of them 
have 1 or 2 small fasciculate pedicellariae near the inner edge. Ter- 
minal plate very slender, subcylindrical, round-tipped, with a stout 
terminal spine and 2 or 3 smaller ones on either side. 

Inferomarginals on first third of ray equal in width to 1.5 the 
length ; at middle of ray the width only slightly exceeds the length. 
From this point the ray becomes rapidly very attenuate, and the 
plates are longer than wide. Most of the width of plate is occu- 
pied by the actinal face, the lateral facet being low, not half as wiJe^ 
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as the actinal. This outer end is tumid and bears a short oblique 
comb of 3, distaUy often 2, slender, tapering, sharp, appressed spines, 
the middle, or the 2 lower the longest, or sometimes the lowest. At 
the first third of the ray the longest spine equals 2 or 2^ plates, and 
the comb often is largely abactinal in position, the spines resting on 
or against the superomarginals. The first 8 or 4 plates may have 4 
spines in the comb, with an additional actinal spinule, and 1 or 2 
spinoles out of place in front of the comb. Plates covered with 
spaced, rather slender, flattened, appressed spinelets, sometimes 
broader and more scalelike. The first few plates usually have 1 
or 2 fasciculate pedicellariae near the inner edge consisting of about 
6 stubby spinelets and another at the outer end, near the base of the 
uppermost lateral spine, this upper pedicellaria persisting to the 
outer part of the ray. 

Actinal interradial areas small; intermediate plates extending to 
twenty-first inferomarginal or about two-thirds length of ray. They 
are very small and well spaced beyond the first fourth of the ray. 
Plates slightly convex and armed with spaced groups of rather slen- 
der papilliform spinelets, which, on a variable number of plates in 
the interradial areas form fasciculate or pectinate pedicellariae. The 
pedicellarian spinelets are coarser and shorter than the others. 

Proximal adambulacral plates wider than long, then as wide as 
long, and beyond middle of ray increasingly longer than wide. 
Sutures very broad. Furrow spines 6 or 7, slender, compressed, 
pointed, and rather long. When there are 6, the spines are nearly 
equal, the median being a trifle the longest. When there are 7, either 
or both lateral members, especially at base of ray, are conspicuously 
shorter. Subambulacral spines 8 to 12, slender, pointed, much 
shorter than furrow spines and arranged in about 2 irregular series, 
or on the first 2 or 3 plates in 2 or 3 irregular transverse series, or 
without any regularity. A variable number of plates bear 1 or 2 
fasciculate pedicellariae with 4 to 6 jaws. These jaws are slightly 
more pointed subambulacral spines. Rarely all the subambulacral 
spinelets form a sort of pectinate pedicellaria. In the type most of 
the plates except on the attenuate outer part of the ray have pedi- 
cellariae, but a specimen from station 6215 is poorly provided. 

Mouth plates of the usual Peraephonaster type. At the inner 
angle of the combined plates are 2 broad, flattened, blunt, petaloid 
spines. Between each of these and the peristome is an oblique verti- 
cal double row (or really a very acutely angular series, apex toward 
peristome) of about 10 pointed spinelets resembling a pectinate 
pedicellaria. The marginal series, on the furrow, at level of inner 
tooth, consists of 8 to 6 rather conspicuous slender lanceolate spines 
appressed against the smaller suboral spines, of which there are 
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generally 2 series to each plate, that bordering the median suture 
consisting of 10 to 14 short, stout, blunt, spinelets. The other or in- 
termediate series is less regular and is composed of 8 or 10 shorter 
spinelets. A third series continues the marginal series along the lat- 
eral suture. That the teeth are occasionally broken in life is shown 
by their absence on 2 mouth angles of the type, and by regenerating 
members in 2 other angles. 

Madreporic body very convex, situated its own diameter nearer the 
margin from the middle df r. 

Anatomical notes. — Intestinal coecum butterfly-shaped, the great- 
est diameter about one-half r. Polian vesicles rather large with numer- 
ous small diverticula scattered over the surface of the enlarged distal 
portion. Superambulacral ossicles slender, and rather long, but ab- 
sent from the first 3 ambulacral ossicles. The intermarginal pores, 
described under P. euryactis hrevispinus^ are well developed, the 
largest being the median interradial, which as seen from the coelomic 
side has a diameter about one- third that of the plates adjacent. 
From the outside, when the plates are carefully cleaned, the pore is 
visible at the point where the transverse suture between a pair of 
superomarginals . meets the intermarginal suture (between the 2 
series), but is covered with akin. There does not seem to be any 
structure resembling a papula. The other pores are similar and de- 
crease gradually in diameter, becoming very tiny at the middle of 
ray, and soon ceasing. 

Type— CKt. No. 30526, U.S.N.M. 

Type-locality, — Station 5123, east coast Mindoro, 283 fathoms^ 
green mud ; 2 specimens. 

Distribution. — ^Known only from east of Masbate and east coast 
of Mindoro, and neighboring waters, 283 to 604 fathoms. 

Specimens examined, — Six; 2 from type-locality and 4 from the 
following stations: 

Station 5215, east of Masbate Island, 604 fathoms, green mud, bot- 
tom temperature 50.5° F. ; 1 specimen. 

Station 5219, between Marinduque and Luzon, 530 fathoms, green 
mud, sand ; 3 specimens. 

Rem/irks, — P. oediplax differs from such species as eurya^tisj an-* 
chistus, and Imonicus in having much narrower and more tumid 
superomarginals, each of which bears a subcentral conical spine, not 
an appressed spine or row ot spinelets near the distal border of the 
plate. The three species mentioned are notable for their broad 
inferomarginal plates also. P. oediplax differs from P. tenuis in 
having much smaller and more tumid [armed] superomarginals and 
less massive inferomarginals. The side of the ray of tenuis at base 
is massive and high — ^higher than the actinal width of inferomar- 
ginals — ^while in oediplax the border of ray is equal to or less than 
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actinal width of inferomarginals. The ray is slenderer in tenuis- 
and the paxillar area much narrower, the paxillae larger, the lateral 
spines more nmnerous, and the actinal inferomarginal spinelets 
squamiform. P, mvlticinctus belongs to another type, having mas- 
sive transversely tumid superomarginals, narrow paxillar area, 
large independent abactinal pedicellariae, larger paxillae, and num-- 
erous furrow spines. P. suluensis also has a massive margin to the- 
ray, the superomarginals, especially, being larger than in oediplaWy 
and the side wall of ray higher. The paxillar area in svluensia is 
narrower; and conspicuous, independent, abactinal pedicellariae are 
present. Actinally the most noteworthy differences are the wider 
inferomarginals and longer marginal mouth spines of suluerma^ and 
the slenderer inferomarginal spinelets and conspicuous inferomar- 
ginal pedicellariae of oediplax. 

PERSEPHONASTEB HABROGENYS Fisher. 

Plate 13, fig. 1 ; plate 28, fig. 1 ; plate 81, fig. 6 ; plate 39, figs. 2, 2a-e. 
Fersephonasier habrogenys Fisheb, 1913a, p. 618. 

Diagnosis. — ^Resembling P. oediplax but with still slenderer rays,, 
smaller disk, narrower inferomarginal plates, which bear proxi- 
mally 2 or 3 actinal spinules in addition to the ^ or 3 slender, long,, 
lateral spines; with very small actinal interradial areas, the plates 
extending less than half the length of ray ; mouth plates small, with 
2 series of suboral spines ; adambulacral plates spaced, with 5, less, 
often 6, furrow spines. Superomarginal spines proximally 1, dis- 
tally 2 or 3, the plates markedly convex. No superomarginal, infero- 
marginal, or subambulacral pedicellariae. E=59 mm., r=ll mm.,. 
R=5.3-f-r ; breadth of ray at base, 11 or 12 mm. Eays slender, evenly 
tapered, sharp; int^rbrachial angles abruptly rounded. 

Description. — ^Paxillae arranged as in oediplax^ but with a wider 
radial area free from papulae. Paxillae not crowded, medium sized^ 
the largest having about 15 to 18 slender terete spinelets, often longer 
than the pedicel, 3 to 5 occupying the center of group. Many paxillae 
have part or all of the center of tabulum occupied by a fasciculate 
pedicellaria with 3 or 4 jaws, and a few are lower and have only 2 
or 3 spinelets in addition to the pedicellaria. 

Superomarginals, 35 in number, have about the same proportions 
as in oedipldtx^ but are a trifle less tumid, and bear on the apex of the 
plate, nearer the inner than outer edge, a sharp conical spine, larger 
than in oediplax^ and proximally two-thirds to three- fourths length 
of plate. Beyond the basal third of ray a second, and often a third 
smaller spine is added to form a transverse series, which as the 
end of the ray is approached, moves very gradually nearer the distal 
margin of plate. General surface of plate covered with delicate 
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terete upright spinelets, becoming slightly longer, sharper, and 
slender-squamif orm near the spines. Terminal plate slender, cylin- 
drical, longer than wide, with a tenninal spine longer than itself, 
and on either side 2 shorter spines. 

Inferomarginal plates extending laterally slightly beyond the 
superomarginals, very narrow, with a tmnid outer end, as in oedi- 
plax. Except for the first 2 or 3 plates which are wider than long, 
all the plates are either as wide as long (to about the middle of ray) 
or narrower than long (outer part of ray). For this genus the in- 
f eromarginals are very narrow, and form a narrow, slightly beveled, 
border to actinal area. Lateral spines proximally 8 (with sometimes 
a slenderer fourth spine at upper end of series) distally 2, slender, 
slightly curved, appressed, the lowest the longest and equaling 2.5 
to 2.75 plates in length, on proximal half of ray. On the distal mar- 
gin of the narrow actinal face of plate 2 or 3 mueh smaller, very slen- 
der spinules continue the lateral series. These become so small on 
the outer third of ray that they merge into the general spinulation, 
and owing to the extreme narrowness of the plates, the lateral comb 
occupies the whole width. The spinelets covering the outer or lateral 
face of plate are like those of the superomarginals, only a little 
longer, but actinally become coarser, sharper, and well spaced. 
There may be on the proximal plates an enlarged spinule near the 
adoral margin. 

Actinal interradial areas very small for the genus, the distance be- 
tween outer end of mouth plates and the edge of first inferomarginal 
plate being slightly less than the interradial dimension of the mouth 
plates. The series between the 2 points mentioned contains 4 or 5 
plates. Intermediate plates extending to twelfth inferomarginal or a 
trifle less than half length of ray. These plates are spaced from one 
another, beyond the second inferomarginal. The plates bear groups 
of 6 or 8 slender, sharp, terete spinules, which, by reason of the in- 
vestment, appear smaller near the base, and which are a little shorter 
than the subambulacral spines. Several plates in the interradial 
area, adjacent to adambulacrals, bear prominent fasciculate pedicel- 
lariae with 4 to 6 jaws swollen at the base and tapering like the other 
spinules, but the calcareous part in reality is very slender. 

Furrow spines 5, occasionally 6, long, slender, compressed, pointed, 
membrane-invested and webbed at base, forming a regular comb with 
a curved outer margin. The mesial spines are about as long, on the 
proximal third of the ray, as the neighboring inferomarginal plate. 
Subambulacral spines very slender, terete, but apparently thick 
and swollen, owing to the translucent tissue investing them. There 
are about 6 of these forming 2 series on the second and third plates, 
then on the succeeding plates a single zig-zag series, and finally on 
the outer half or two thirds of ray 2 more or less irregular series, 
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of 8 to 12 spinules. The first plate is compressed and has an angular 
furrow series of 5, and 2 transverse subambulacral series of about 8 
or 9 spines. No subambulacral pedicellariae. 

Mouth spines fewer than in oediplcuB. Laterally from the base of 
the compressed tooth, and directed into mouth of furrow is a fasci- 
culate group of 4 or 5 small pointed tapering spinelets resembling 
and probably functioning as a pedicellaria. This is the usual Perse- 
phonaster group of spines belonging to the marginal series. It is 
continued on the margin of plate facing the furrow by about 8 
longer, bluntly pointed spines, and thence along the lateral suture 
margin by 5 or 6 additional shorter slender spinelets. The super- 
ficial series, along edge of median suture, consists of about 8 promi- 
nent, flattened, slender or lanceolate blunt spinules decreasing in 
length toward outer end of plate. The mouth plates are much nar- 
rower than in oediplax^ or any other of the preceding species, and 
are notable for their small size generally. The distance between the 
superficial and marginal series of spines is slight. 

Madreporic body small with coarse striae and a paxilla on the 
surface adjacent to the adcentral margin. It is situated about two- 
thirds r from center. 

Type.—CdLt. No. 30527, U.S.N.M. 

Type-locality. — Station 5114, Verde Island Passage, vicinity of 
Balayan Bay, southern Luzon 340 fathoms, fine sand ; 2 specimens. 

Distribution. — ^Balayan Bay, Luzon, and Sibuko Bay, Borneo, 305 
to 340 fathoms. 

Specimens examined. — Three, the types and 1 from 5592, Sibuko 
Bay, Borneo (lat. 4° 12' 44" N.; long. 118° 27' 44" E.), 305 fathoms, 
green mud, bottom temperature 43.3° F. 

Remarks. — ^This species is an aberrant Perseph/master in that its 
marginal and mouth plates are distinctly smaller than the mean for 
the genus, and the general habit is slender and light. The actinal 
interradial areas are also small, and the furrow spines of the adam- 
bulacral plates reach the lowest number known in the genus. P. 
habrogenys agrees with P. gracilis (Sladen) in having small mouth 
plates, but differs in possessing armed superomarginals, smaller disk, 
higher pasdllae; in having the lateral and ventral facets of the in- 
feromarginals better differentiated, and the long inferomarginal 
plates lateral in position; in having fewer furrow spines. The 
marginal plates of gracilis are much less tumid than those of 
habrogenys. Dytaster anacanthus Alcock and Wood-Mason (Bay of 
Bengal, 1,748 fathoms) is certainly not a Dytaster. Although the 
mouth plates are imperfectly described, the species, as Alcock states, 
seems to be near P. gracilis (Sladen) and for that reason, if for no 
other, probably should occupy a niche in the genus PersepTumaster. 
It has unarmed superomarginals which are more lateral in position 
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than in Tutbrogeryya and are not tumid. The lateral inf eromarginal 
comb is reduced to a long, fine spine and 1 or 2 similar but smaller 
ones are vertically below it; furrow comb, 6 to 8 spines; no pedicel- 
lariae. In hdbrogenys the lowest lateral spine is the longest. 

PESSEPHONASTER MONOSTOECHUS Usher. 

Plate 20, fig. 2; plate 21, fig. 2; plate 81, fig. 5; plate S7, figs. 3a--e. 
PersepTumaster monostoeohus Fisher, 1918a, p. 620. 

Diagnosis. — ^Belated to P. croceus Alcock and Wood-Mason, which 
it resembles in having, in addition to the appressed inferomarginal 
spines, a conical erect lateral spine, but differs in having only 1 series 
of erect superomarginal spines (peculiarly situated), narrower mar- 
ginals, 8 furrow spines, small actinal interradial areas, and irregu- 
larly occurring and smaller, erect, lateral spines. R=45 mm., r=8.5 
mm., E=6.8 r; breadth of ray at base, 12 mm. Rays rather slender, 
with, proximally, high lateral walls sloping steeply but not quite 
perpendicularly; marginal plates ma^ive, tumid, the superomar- 
ginals encroaching conspicuously upon the abactinal surface beyond 
the base of ray. Interbrachial angle abruptly rounded. 

Description. — ^Paxillar area iiarrow, being about as wide at the 
base of ray as the length of the first superomarginals. Paxillae com- 
paratively large, though the number of spinelets is not great. Pax- 
illae largest in the interradial regions and adjacent portions of ray. 
The base of the stout tabulum is roundish on the disk, with slight 
indentations, but on the ray the plate as well as the section of tabulum 
is elongate elliptical and the tabulum or pedicel becomes lower and 
lower on the outer part of the ray until the plates are merely slightly 
convex. A large interradial paxilla has 15 to 18 pointed slender 
spinelets about as long as the convex tabulum, 3 to 5 occupying the 
center. In the center of disk, where the paxillae are small and the 
pedicels are slender instead of thick, there are 5 to 10 slender spine- 
lets. The large paxillae extend far along ray on either side, but are 
compressed instead of round. On the radial region of each ray are 
several large fasciculate pedicellariae, sometimes broader than pax- 
illae, composed of 4 to 8 pointed tapering spinelets, much stouter 
than those of paxillae, and springing from low plates resembling 
reduced paxillae. 

Superomarginal plates, 28 in number, are fairly large and tumid, 
the first 4 or 5 being confined to the side wall of the ray and bearing 
their single upright conical spine practically on the upper edge of 
the plate; but with the fifth plate the spine recedes from the inner 
edge, and more and more of the surface of the plate is abactinal. 
With the eighth or ninth plate the 2 facets are about equal, but 
distally from this point the dorsal becomes much the wider, and the 
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spine, which always keeps on the well-rounded margin between the 
2 facets, gradually becomes horizontal and has the appearance of 
being a lateral spine. There is no abrupt f asciolar channel between 
the plates, the surface sloping upward from either transverse suture 
to the median line and the spine is on this ridge, which, however, is 
slight on the outer third of ray. The spine is tiny or wanting on- 
the last 8 or 10 plates. The longest spines, in the median third of 
ray, are about as long as the plate, and the plates themselves are 
nearly square, except at the base and end of ray, where the trans- 
verse dimension is the greater. The surface of plate is covered 
with spaced delicate spinelets fairly capillary around the edges and 
a little shorter and more clavate in the middle. Terminal plate 
rather stout with a tuft of 10 or 11 sharp spinules in 2 semicircular 
series at the end. 

Inferomarginal plates rather small, the proximal being a trifle 
wider than the corresponding superomarginals, the rest of about 
the same width and length. All except the distal plates are mark- 
edly tumid, the ridge of the superomarginals being continued across 
the lower series, and the ventral margin of the ray is so evenly 
rounded that the plate is regularly curved from the inner to the 
outer edge, there being in consequence an exceptionally narrow 
actinal face when the specimen is viewed from below. The arma- 
ture is of the type of P. croceus and quite distinct from that of the 
foregoing species. Just below the outer or upper edge of the plate 
is a horizontal, erect, conical spine a little smaller than the corre- 
sponding superomarginaL Below this, and forming with it a slightly 
oblique transverse comb, are 2 (sometimes 3 and distally only 1) 
slender, appressed, slightly flattened, sharp spines, the upper about 
as long as width of plate. The erect conical spine is often miss- 
ing, there being no regularity in this respect, and on the outer part 
of the ray it is regularly lacking. When lacking on the proximal 
part of the ray its place is sometimes, but not always, taken by an 
extra appressed spine. The plate is covered with delicate spinelets 
similar to those of the superomarginals but a little longer on the 
ventral end. 

Actinal interradial areas small, the interradial diameter slightly 
exceeding that of the mouth plates. Intermediate plates extending in 
a single series to the eighth inferomarginal (a little over a third of 
ray) and in 2 series to the fourth inferomarginal. Five plates be- 
tween the first inferomarginal and mouth plate. Plates covered with 
spaced delicate spinelets; several plates in each angle also with a 
central slender, much longer, pointed appressed spinule. 

Furrow spines 8 (occasionally 7 or 9), long, slender, slightly com- 
pressed and pointed, in a regular comb with a nearly straight distal 
margin. The spines are about as long as width of plate at base of 
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ray and slightly longer distally. Subambulacral spinules 10 to 12, 
very slender, terete, pointed, in 3 irregular longitudinal series or in 
1 series of 5 near furrow, and the others without very definite order, 
the size grading from those of first series, which are nearly as long 
as the furrow spines, to the outer, which are subequal to the actinal 
intermediate spinelets. Some of the proximal plates have fasciculate 
pedicellariae with 3 to 5 shortened, sharp spiniform jaws. The first 
plate is not very markedly compressed and has a furrow series of 6. 

Mouth plates rather narrow but very convex. The oblique vertical 
angular series of marginal spines forms a fasciculate group of about 
5, the outer limb of the angle being continued along the margin 
adjacent to first tube foot by 3 to 5 additional slender spinelets, in 
a fan, and thence along the lateral sutural margin, by 7 or 8 delicate 
spinelets. The inner tooth is stout, fusiform, blunt, or pointed, about 
half as long as plate. The suboral armature includes a series of 
8 or 9 short, rather thick, spines along margin of median suture, the 
innermost two-thirds as long as the tooth, the others rapidly decreas- 
ing in length. There is also an intermediate series of 6 to 8, subequal 
to the adjacent superficial spinelets, but not very regular in size or 
shape. 

Madreporic body a little more than its own diameter from margin, 
the ridges with small spiniform protuberances. 

Type,— C^t. No. 30528, U.S.N.M. 

Type-locality.— ^i^iiioxi 5606, Gulf of Tomini, Celebes, 834 fath- 
cms, green mud; 1 specimen. 

Distribution. — Known only from type-locality. 

Remarks. — P. monostoeckus may be readily distinguished from 
any of the preceding species by the presence of the erect lateral 
inferomarginal spine, and by the single series of erect superomar- 
ginal spines which are at first dorsal in position and gradually move 
away from the upper edge of the plate and become lateral on the 
outer part of the ray. The superomarginals are formed very much 
like those of mvlticinctus^ but the position of the spine, as well as 
the inferomarginal armature, will at once distinguish monostoechus. 

PersephoTiaster crocevs Alcock and Wood-Mason is from the Guli 
of Manaar, 738 fathoms. 

Genus TRITONASTER Fisher. 
Tritonaster Fisher, 1906, p. 1017. Type, T. craapedotus Fisher. 

TRrrONASTEB EVOBUS Fisher. 

Plate 29, figs. 1, 4 ; plate 30, fig. 6 ; plate 39, figs. 3, 3a-&. 
Tritonaster evorus Fisheb, 1913a, p. 621. 

Diagnosis. — Eays 5. E=31 mm., r=7 mm., R=4.4 r; breadth of 
ray at base, 7.5 mm. Rays pointed, fairly stout, very evenly tapering 
from narrow base; interbrachia abruptly rounded, abactinal integu- 
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ment thin, slightly inflated; paxillae small, largest on borders of 
paxUlar area to which papulae are confined ; marginal plates massive ; 
superomarginals forming a tnmid border to paxillar area, each with a 
small, conical, upright spine; inferomarginals with very tumid outer 
ends bearing, proximally, 2 curved parallel combs of setaiike spines 
(one covering the other) and, distally, 1 such comb; adambulacral 
plates with 3 long furrow and 12 to 15 delicate subambulacral spines, 
the latter often forming fasciculate pedicellariae. Differing from T. 
craspedotus in the much larger, tumid superomarginals, smaller 
paxillae, double proximal combs of lateral spines, fewer adambulacral 
spmes and fewer enlarged teeth. 

Description, — ^Paxillae small, not compact, smallest over a wide 
radial area and center of disk, where there are no papulae, and dis- 
tinctly larger on the papular area which comprises only the border of 
the paxillar area. Paxillae are rather low parapaxillae, the summit 
of the tabulum being convex and narrower than the base. The larger 
paxillae have 1 to 4 central, delicate, minutely thorny spinelets and 
6 to 9 peripheral, while the small ones have 1 to 3 central and 5 to S 
peripheral. The small paxillae differ, however, in having a much 
lower tabulum and shorter spinelets than those of the papular areas^ 
Some of the very small paxillae have only 2 or 3 minute spinelets* 
The paxillae of papular areas are arranged in oblique transverse 
rows, but this arrangement ends abruptly at the edge of the papular 
areas; the other plates are irregular. The paxillae are smaller than 
those of r. eraapedotua. 

Superomarginal plates, 24 to a ray, are, unlike those of craspedotus 
robust to the end of the ray and are so shaped that they form a 
raised angular or tumid border to the paxillar area. The plates 
are wider than long, and each has a lateral and a dorsal face, the 
latter being about square and the former longer than high beyond the 
basal fourth of ray. Each plate bears on the angle between the 2 
faces an upright conical sharp spine about half as long as the 
plate. This spine stands on the center of the plate at base of ray 
and gradually moves near the distal margin as the extremity is ap* 
preached. The general surface of plate is covered with well-spaced, 
tiny upright spinelets, very fine about the borders of the plate and 
gradually becoming thimble-shaped at the center. On the lateral 
face of many plates are 1 or 2 small fasciculate pedicellariae with 
about 6 tiny spinelets for jaws. The fascioles between the plates 
are very rudimentary. 

Inferomarginal plates wider than long, and a little wider in pro- 
portion to length than in T* craspedotus. They have a very convex 
enter end which defines the ambitus and bears a perpendicular, 
carved comb of delicate curved setalike* spines. On the second to 
fifth plates this comb covers a second parallel comb of smaller spines. 
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as in Ctenophoraster. This second comb is not found in T. craspe- 
dotus. Proximally the first comb consists of about 5 larger spines, 
the third from the upper the longest; and forming a continuous 
series with these on the distal margin of the actinal surface are 3 or 4 
smaller and more delicate ones. In front of them is a row of slightly 
enlarged spinelets. Beyond the eight or ninth plate, only the lat- 
eral comb remains and consists of 5 or 4 spines, and 3 or 4 at the 
very tip. Owing to the tumidity of the outer end of the plate 2 or 
8 of these spines are dorsal in position and are pressed against the 
sloping side wall of the superomarginals. The second comb is con- 
fined strictly to the first 4 or 5 plates, and to the outer end, forming 
a parallel series between the base of the regular comb and the distal 
edge of plate. There are 8 or 4 smaller spinules to the series; rudi- 
ments of these spines perdst to about the ninth plate. The spinelets 
covering the surface of the plates are spaced and very delicate. On 
the upper surface of the tumid outer end, near the first lateral spine 
a tiny fasciculate pedicellaria often occurs. 

Terminal plate longer than wide, and ovoid in shape with a trun- 
cate narrower end; proximal end with a slight notch next to paxiUar 
area, shallower than in oraspedotus. 

Adambulacral plates proximally wider than long, gradually be- 
coming narrower, until distally they are longer than wide. Furrow 
spines 8, very long. The central one compressed, and almost trun- 
cate. The laterals slender, slightly tapered and blunt. One or two 
subambulacral spines stand on the margin owmg to the very salient 
furrow angle of the plate. These are usually bent away from the 
3 furrow spines. On the surface of the plate are from 12 to 15 
shorter, very slender spines, decreasing in length toward outer edge 
of plate. These are variously arranged, sometimes in 2 longitudinal 
series of 3 or 4 each, with 4 or 6 smaller spinules on the outer part 
of the plate. The distal member of the first series stands on the 
aboral facet of the angular margin ; or 4 to 6 spines on the aboral 
side of the plate form a fasciculate pedicellaria. This is composed 
of 1 or 2 spines from each of 2 or 3 longitudinal series. On the outer 
half of ray the pedicellaria is rare, and the spinules are in 2 series 
with some irregular ones behind them, or in 3 series. The spines are 
less numerous than in craspedotus^ and the pedicellariae are higher. 

Mouth plates relatively a little smaller than those of cnupedotus. 
There are 2 large teeth to each pair of plates; all the other spines 
are much slenderer and shorter. Furrow series angular as in eras- 
pedotus^ composed of rather slender spines bent upward, and con- 
tinued to outer end of plate along suture adjacent to first adambula- 
cral in 8 to 10 smaller spaced spinelets. The series along the median 
suture consists of about lO'to 12 slightly clavate spines and between 
them and the marginal series is an irregular intermediate series of 
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smaller spines, nearer the size of the nearest marginals. The inner 
superficial spines of evorti8 are smaller than those of oraapedotua^ 
there being but 2 enlarged teeth at each mouth angle, while in eras- 
fedotus there appears to be a double phalanx of numerous teeth. 

Actinal interradial areas small, the distance between the mouth 
plates and inferomarginals being less than width of the latter. No 
odd interradial series of actinal intermediate plates. A single series 
of rudimentary plates extends to the sixth inferomarginal or about 
one-fourth the length of ray measured along side, and a second 
series does not go beyond the second. The outermost plates are 
separated one from another. There are only 8 plates in an inter- 
radial direction between the mouth plates and first inferomarginals. 
Externally the plates are convex, roundish, or elliptical, with indi- 
cations of 4 or 6 sides, and are armed with spaced delicate spinules 
similar to those of the inferomarginals; most of the plates nearest 
furrow bear a prominent central fasciculate x>edicellaria. 

Madreporic body very small, situated its own diameter from mar- 
ginal plates, with few deep striae (deeper than in craspedotus) 
radiating from an eccentric point near the adcentral side. Anal 
aperture minute. 

Type.— C^t. No. 30529, U.S.N.M. 

Type-locality. — Station 5476, off extreme southeastern end of 
Luzon (vicinity of San Bernardino Strait), 270 fathoms, fine sand, 
bottom temperature 48.3® F. 

Distribution. — ^Kjiown only from the type-locality. 

Remarks. — ^This species preserves the generic facies, with the ex- 
ception of the superomarginal plates which are much larger than in 
the only other known species, T. craspedotus from the Hawaiian 
Islands. Further differences are the smaller paxillae, the double 
comb of lateral spines of the proximal inferomarginals, the addi- 
tional actinal members of the primary comb, fewer adambulacral 
spines, and higher subambulacral pedicellariae, fewer enlarged teeth, 
and smaller madreporic body. The actinal interradial areas are a 
little smaller, and the inferomarginals a little wider. T. craspedotus^ 
as well as evorus, has both superomarginal and inferomarginal fas- 
ciculate pedicellariae, though very inconspicuous. The superomar- 
ginal spinelets of evorus are shorter and coarser on the central part 
of the plate, the superomarginal spine larger, and the inferomar- 
ginal spinelets a trifle finer and more spaced than in craspedotus. 
Owing to the smaller size, in craspedotus^ of the distal superomargi- 
nals, the lateral spines encroach more upon the abactinal surface. 

Although Tritonaster is near Persephonaster it differs in having 
the abactinal plates a reduced form of paxilla, in having the papulae 
confined to a limited area around the borders of the paxillar space, 
leaving much of the disk and a conspicuous radial band entirely 
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free, in having the actinal intermediate plates reduced to rudiments 
on the ray, and in having a decidedly Astropectenlike type of adam- 
bulacral armature. When the genus was instituted I thought the 
small superomarginals were of generic importance, but such has 
proved not to be the case. The curious lateral combs of inferomar- 
ginal spines and the extremely tumid plates are characteristic of the 
two species, and are an exaggeration of what occurs in some species 
of PersephoTiOster. If T. evorua approaches Persephonaster in the 
superomarginals it departs even more than craspedotus in its 
Astropectenlike adambulacrals, reduced paxiUae, and rudimentary 
actinal intermediate plates. 

Genus ANTHOSTICTE Fisher. 

AnthoBticte Fisher, 1911c, p. 417. Type, A, aulophora Fisher. 
Di(igno8i8, — ^Near Tethyaster but distinguished by the presence of 
very deep marginal fascioles, the absence of a regular midradial 
series of enlarged paxillae, the extension of the gonads to end of ray, 
and the character of the paxillae, which are tall and slender. Supero- 
marginal plates without specialized spines; inferomarginals with a 
single transverse row of small, flattened, sharp, appressed spines; 
fascioles between marginals very deep, lined with small spinelets and 
in continuation of the actinal f asciolar channels. Abactinal plates 
stellate, the shaft of paxilla tall, slender, and crowned by a floriform 
group of slender spinelets ; papulae all over abactinal surface. Acti- 
nal intermediate plates extending nearly to end of ray, and traversed, 
between marginals and adambulacrals, by deep channels; no en- 
larged actinal intermediate spines; an incipient series of odd inter- 
radial actinal plates; adambulacral plates with. a very prominent fur- 
row angle and an astropectinoid armature; no enlarged subambu- 
lacral on distal portion of ray; fascioles between the adambulacral 
plates shallow and not lined with spinelets, as in JSideriaster. Tufts 
of gonads extending to end of ray. Madreporic body not concealed. 
Superambulacral plates large. Tube feet pointed, with simple rod- 
like deposits at tip. Small spiniform abactinal pedicellariae. 

ANTHOSTICTE AULOPHORA ilsher. "" 

Plate 17, fig. 1; plate 18, fig. 3; plate 19, fig. 2; plate 38, fig. 3; plate 39. 

figs. 1, la-d. 

Anthoaticte aulophora Fisher, 1911c, p. 417. 

Diagnosis. — ^Eays 5. E=162 mm., r=84 mm., R=4.76+r ; breadth 
of ray at base, 40 mm., at tenth superomarginal, 29 mm. Disk mod- 
erate, rays long, rather narrow beyond interbrachium, tapering very 
gradually to a bluntly pointed extremity; sides of ray and disk 
evenly rounded; abactinal surface slightly convex; paxillae fairly 
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dose-set and large, floriform, with slender tall pedicels; siipero- 
marginals without special spines, but with small spiniform pedicel- 
lariae; inferomarginals with transverse series of 2 to 5 small ap- 
pressed spines; marginal fascioles very deep and separated by thin 
high ridges; actinal fascioles deep; actinal interradial area extensive* 
the plates with thin high keels covered with slender spinelets; fur- 
row spines usually 5, long, compressed ; subambulacrals 6 to 7 ; mad- 
reporic body exposed; tube feet with deposits; gonads extending to 
end of ray. 

Description. — ^Paxillae fairly compact, and touching, with a slen- 
der, tall pedicel crowned by a floriform group of 15 to 20 peripheral, 
and 5 to 16 or even more central, terete, blunt spinelets, the latter 
often in a compact group resembling a pedicellarian apparatus, the 
former radiating like the rays of a composite flower. On most of 
the paxillae 2 to 4 central spinelets are slightly modified with broader 
tips, and form actual pedicellariae. The paxillae are xmusually 
uniform in size, and are only slightly smaller at the end of the rays. 
The largest seem to be those of the interradial areas of disk and prox- 
imal third of ray, those of center of disk and adjacent radial areas 
(as far as base of ray) being slightly smaller. 

The slender pedicels spring from 6-lobed (stellate) plates, these 
without definite order on center of disk and midradial region, but 
elsewhere in oblique transverse rows parallel to interradius. On 
the ray these series are slightly spaced, and consecutive plates of a 
row barely touch. In the midradial area the plates sometimes touch 
or are separated. There is no definite radial series of plates as in 
Tetkyaster subinermis. Papulae distributed all over abactinal sur- 
face, as in Dipsacaster (not absent from midradial line or center of 
disk), single, 5 or 6 about each plate. 

Marginal plates of the two series corresponding, with unusually 
deep fasciolar channels separated by thin high ridges, each of which 
is composed of the elevation of a combined superomarginal and in- 
feromarginal plate and is thinner than the intervening channels. 
The height of this ridge above the bottom of the channel equals 
about one-half the dorsoventral dimension of the combined marginal 
plates. Superomarginals forming a rounded bevel as in Tetkyaster 
subinermis, covered with short, clavate, papilliform spinelets, becom- 
ing slenderer on edge of grooves. Most of the plates bear 1 to 3 
pedicellariae, composed of a couple of slightly modified spinelets, 
stouter than the others. Sometimes the pedicellaria is pectinate with 
4 to 6 spinelets. These pedicellariae closely resemble those of the 
paxillae, but are larger. Spinelets in grooves very numerous and 
delicate. Superomarginals, about 80. Terminal plate heart-shaped 
from above, broader than long, and with a shallow notch at both 
ends. The superomarginals underlie the proximal half. 
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Inferomarginals projecting slightly beyound superomarginals on 
outer part of ray, and forming a rounded bevel to margin of actinal 
surface, being about one and one-half times wider than upper series. 
They are covered with a transverse series of 2 to 5 (usually 2 or 3 
distally, and 2 to 4 proximally) small, flat, lanceolate, sharp, ap- 
pressed spines and numerous shorter, slenderer, slightly flattened, 
blunt spinelets, which on median line of plate are much longer than 
those of superomarginals. The spinelets lining the deep fascicles 
are similar to those of upper series. At the upper end of nearly all 
the inferomarginals, close to the lower or outer margin of the supero- 
marginal, is a pedicellaria with 2 (less often 8 or 4) blunt, slightly 
tapered or often clavate spiniform jaws. These pedicellariae are 
larger than those of the superomarginal plates. 

Actinal interradial areas fairly large, but rather abruptly narrow- 
ing at base of ray, along which two series of intermediate plates 
extend two-thirds of its length, while one series continues nearly to 
the extremity. Between the first inferomarginal and the second 
adambulacral the series contains 7 to 9 plates. There is an in- 
cipient odd interradial series of actinal intermediate plates. Be- 
hind the mouth plates there is a pair of plates, and from between the 
outer ends of these extends an odd series of 2 or 8 plates, the whole 
being wedged between the inner ends of the series leading from 
the first inferomarginals to the second adambulacral. The odd 
series is quite inconspicuous. Deep channels lead from the mar- 
ginal fascioles to the fascioles between the adambulacral plates, 
these being separated by single rows of intermediate plates. 
The marginal and adambulacral plates do not correspond, however. 
At the base of furrow the latter are slightly more numerous, while 
in the middle third, the former ; distally they correspond. The high 
keel of the intermediate plates which forms the ridges between the 
channels is covered with slender, long, terete, or slightly swollen, 
blunt spinelets directed toward ambitus, and similar to those of inner 
end of inferomarginals. The channels are not lined with spinelets, 
as are the marginal fascioles, but they are thickly roofed by terete, 
delicate spinelets, smaUer than those on the exposed edge of the keel. 

Adambulacral plates astropectinoid, with an acute furrow angle, 
bearing a compressed blunt saber-shaped spine, and on either side of 
this, two strongly compressed rather slender blunt spines. Some- 
times a third is added, making the total 5 to 7. Surface of plate with 
5 to 7 more cylindrical, slender, blunt spines, one forming a series 
with the second lateral furrow spines, the rest disposed in about two 
longitudinal series behind this, the laterals of the first series often 
standing on margin and making on either side the supernumerary 
furrow spines. The plates are wider than long, well spaced, with a 
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shallow channel between, over which extend several to many small 
terete spinelets belonging to the transverse margins of plates, and 
not calculated in the above spine counts. 

Mouth plates prominent, densely covered with spines, increasing 
in length toward inner end of plate, where, directed over actinostome, 
is a cluster of teeth. Marginals 7 or 8, distally with flat side to fur- 
row, but at inner end of plate more knife-shaped and with edge 
thereto. 

Madrepori'c body exposed, medium-sized, with fine radiating striae. 
The ridges near center bear low tubercular prominences. It is sit- 
uated about one-third R from margin. 

Gonads disposed in independent tufts attached to the abactinal 
integument on either side of the median radial area and extending to 
end of ray. Ampullae strongly two-lobed. Tube feet pointed, with 
deposits at the tip in the form of small, simple, straight, curved, or 
irregular rods. Superambulacral plates well developed. 

Type.— Ca.t. No. 28656, U.S.N.M. 

Type'locaZUy.—StSLtion 5420, between Cebu and Bohol (lat. 9° 49' 
35" N.; long. 123° 45' E.) ; 127 fathoms; bottom temperature, 59° F. 

DistribfUion. — ^Ejiown only from the type-locality. 

Remarks. — ^The genera Moiraster^ Tethyaster, Sideriaster^ and 
Anthosticte agree in having unarmed superomarginals, inferomar- 
ginals with a few small enlarged spines, naked madreporite, large 
actinal interradial areas, and intermediate plates far along ray, 
marginal and actinal fascioles, true paxillae, stellate abactinal 
plates, an astropectinoid adambulacral armature, and probably also 
in having the single papulae uninterrupted all over the dorsal 
surface. The first two seem to be a little more closely related than 
either is to. the last two, while Sideriaster and Anthosticte are pos- 
sibly also nearly related. Unfortunately there is but one species 
in each genus, and it is difficult to ascertain what characters are 
of generic importance. Applying the standards used in other and 
larger genera, Anthosticte differs from Tethyaster chiefly in having 
very deep marginal fascioles, gonads to the end of the ray, and no 
midradial series of enlarged paxillae. Anthosticte has taller and 
more delicate paxillae, but this may not be of generic importance. 
Its special points of agreement in addition to the characters listed 
above are the deposits in the tube feet (not recorded for Moiraster 
and Sideriaster) and shallow interadambulacral fascioles and an 
incipient odd interradial series of actinal intermediate plates, less 
prominent and regular than in Tethyaster. 

Anthosticte differs from Sideriaster Verrill in having very deep 

marginal fascioles, shallow interadambulacral fascioles, no distally 

[ enlarged subambulacral spine. Neither the deposits in the tube feet 
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nor the gonads of Sideriaster are described — one of the unfortunate 
results of drying unique specimens. I do not know whether Sidm- 
aster has the incomplete unpaired interradial series of actinal in- 
termediate plates. The f ascioles between the adambulacral plates, 
which I examined in the type-specimen, form one of the most 
striking features of the genus. They are densely lined with small 
delicate spinelets^ and are therefore similar to marginal fascioles* 
Such is not the case in Anthosticte^ Tethyaster^ or Moiraster. 

The distribution of gonads and deposits of tube feet are unknown 
in MoircLster. Koehler describes the marginal f ascioles as "peu 
profonds," while Sladen says they are deep, but the discrepancy 
is only apparent, for Sladen knew no genera with very deep 
fascioles, such as Dipsacaster. Antfiosticte differs from Moiroiter 
in respect to the marginal fascioles and the thin elevated inter- 
vening ridges of the marginal plates. The inferomarginal and 
actinal spinelets of Anthostiete are slender, and not flat, spatulate, 
and chisel-shaped. No pedicellariae are described for Moirmtet. 
If the gonads are found to extend to the end of the ray, it may 
become necessary to unite the two genera, although the difference 
in the marginal fascioles will remain. The paxillae of Moiraster 
are probably lower than those of ArUhostiote^ and less delicate. 
The character of the gonads is important, and is apparently very 
reliable for generic groups, but not for higher ones. 

It seems better to keep Anthoaticte separate rather than to unite 
it with another genus, especially as it is not at all evident into 
which of the three groups it would go with the least disturbance. 

The following table recapitulates the characters mentioned above. 
Will some one enlighten us concerning the gonads and tube feet of 
Moirdster and Sideriaster? 

Comparison of the characters of Anthosticte, Tethyaster, Sideriaster, and 

Moiraster, 
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to end 
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X» 














^ According to Koehler, Trans. Boy. Soc. Edinburgh, vol. 46, 1908, pt. 8, p. 681, pi- ^^ 
fig. 110, this series seems to be present in an incipient form. 
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Genus DIPSACASTER Alcock. 
Dip9ac4Uier Alcock, 180S, p. 87. Type, D. sladeni Alcock. 

KEY TO THE SPEriES OF DIPSACASTER HEREIN DESCRIBED. 

0.* Paxil! ae with very numerous, long, slender, terete, sharp spinelets; no dif- 
ferentiated marginal spines, 
ft.* Rays narrower ; odd interradial series of actinal Intermediate plates nearly 
or quite reaching the margin; paxillar spinelets shorter and less deli- 
cate ; furrow spines, 7 or 8 nesiotes, p. 145. 

h* Rays broader, not narrowed at base ; odd Interradial series of actinal in- 
termediate plates reaching only a little more than halfway to margin; 
paxillar spines very delicate and sharp ; furrow spines, 8 or 9. 

imperialis, p. 146. 
a." Paxillae with upward of 25 short, blunt, clavate, or subterete, thorny spine- 
lets ; 2 or 3 small differentiated marginal spinules diap?ioru8, p. 152. 

DIPSACASTER NESIOTES Fisher. 

Plate 41, fig. 2. 

Dipsacaster nesiotes Fisheb 1906, p. 1026, pi. 9, fig. 3, 3a; pi. 10, fig. 2, Or-h ; 
pL 12, fig. 1, 2. 

Specimens examined. — ^Two, one from each of the following sta- 
tions: 

Station 5623, between Gillolo and Makyan Islands, Molucca Islands 
(lat. 0^ 16' 30'' X.; long. 127° 30' E.), 272 fathoms, fine sand, mud. 

Station 5624, near above locality (lat. 0° 12' 15" N.; long. 127° 
•29' 30" E.), 288 fathoms, fine sand, mud. 

DistribtUion. — Hawaiian Islands and Molucca Islands, 272 to 308 
fathoms, fiine sand and mud. 

Remarks. — ^This species was taken by the Albatross in 283 to 308 
fathoms among the Hawaiian Islands. None of the specimens were 
as large as that from station 5624, which is a veritable giant, having 
11=182 mm., r=58 mm., and R=3.14 r. The example from station 
5623 is the same size as the type. In this example the superomar- 
ginals are very slightly wider than those of type, but there is varia- 
tion among the Hawaiian specimens. The large example has nar- 
rower superomarginals even than the type, and matches a specimen 
from station 3908, Hawaiian Islands. 

A characteristic of both young and adults of this species is the 
fact that the interradial series of actinal intermediate plates very 
nearly or quite reaches the margin at the interradial inf eromarginal 
suture. The rays are narrower than in most other species and usu- 
ally are narrower at base. The figure of the type shown in figure 2 
of plate 10, Hawaiian Starfishes, is a little misleading. Plate 12 is 
better. In the first figure the ray is drawn a little too broad. 

Although the species resembles Dipsacaster sJ-adeni, I think it is 
perfectly distinct. The main differences are as follows: Sladeni 
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has definite inferomarginal spines which form transverse series on 
the proximal plates. Alcock writes (and the figures bear him out) 
that the marginal plates correspond plate to plate. In nesiotes the 
two series do not correspond, but even alternate on the outer part of 
ray. The actinal intermediate plates of nesiotes are not very strongly 
carinated, but the character is such a comparative one that it would 
be diflScult to apply without direct comparison of specimens. The 
furrow spines of sladeni are " needlelike," but in nesiotes very con- 
spicuously compressed and bladelike. The subambulacral spines 
can scarcely be said to form a ^^ rosettelike or paxillalike group of 
about 12." There is a very definite longitudinal series, just back of 
the furrow spines, of 3 to 5 shorter, terete tapering spinules, and 
back of this 12 to 18 spinules in 2 or 3 irregular series, or more or less 
scattered. They do not suggest a rosette or a paxilla and are more- 
over more numerous than in sladeni. The interbrachia of nesiotes are 
more open and rounded, owing to the peculiar form of the rays. 

DIPSACASTER IMPERIAUS Fisher. 

Plate 32/ figs. 1, 2 ; plate 40, figs. 1, lo-b ; plate 41, figs. 1, la. 
Dipsacaster imperialis Fishes, 1917&, p. 89. 

Diagnosis. — Differing from D. nesiotes Fisher in having broader 
rays, more delicate, longer, and sharper paxillar spinelets; in 
averaging 1 or 2 more true furrow spines to the plate, and in 
having an odd interradial series of actinal intermediate plates 
which reach only a little more than half the distance between outer 
end of combined mouth plates and inferomarginals. Differing from 
D. sladeni Alcock in respect to the inferomarginal spines, which are 
smaller and do not form a definite transverse series, especially on the 
proximal plates ; in having the distal marginals alternating, instead 
of opposite, and in having more numerous actinal intermediate plates 
on the ray, the second longitudinal series extending to the twenty- 
third or twenty-fourth inferomarginal, and the third extending to 
the sixteenth. 11=160 mm., r=55 mm., 11=3 r; breadth of ray 
at base, 62 mm. Rays broad at base, tapering from arcuate inter- 
brachia, at first rapidly then more gradually to a subacute extremity. 

Description. — ^The ray is a little broader at the base than in sladeni^ 
the interbrachia more rounded, and the tip more pointed. The bor- 
der formed by the marginal plates is wider, so that on the outer part 
of the ray the paxillar area is no broader than in sladeni. The pax- 
illae are fairly uniform in size on the disk, though a trifle smaller 
at the center than midway to margin; from the latter point they 
decrease gradually as the margin is approached. The paxillae have a 
fairly stout, high, convex pedicel, which is broader at the summit 
than at the surface of the integument, and is crowned with a brush- 
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like group of very many, very sharp, slender spinelets. About 85 
were counted on an average large paxilla from the disk, and the 
peripheral spinelets, which are blunt and only about one-fifth the 
length of the others, form 1 or 2 cycles covering the bases of the 
outermost spinelets. The height of the brush about equals that of 
the pedicel, and the spinelets are usually bent inward. The inner 
ends of the paxillae are small, so that when seen from the coelomic 
side they appear to be well spaced. The paxilla is expanded into a 
sort of flange above the lower end, this representing the ^^ plate." On 
the sides of the paxillar area the contour of the plate is elliptical, 
sometimes with notched ends; on the radial area the plates are 
ronndish, with here and there short lobes. Papulae distributed all 
over disk, without interruption at the radial line, where each area 
may have 1 to 3 papulae. Between the lateral oblique rows of pax- 
illae the papulae form a regular zigzag series (1 to an area) ; but at 
base of ray and on disk they are arranged with 5 or 6 around any 
one plate. 

Superomarginals 88 to 40, the first being about 2.5 times as wide a& 
long, while at middle of ray the breadth is about 1.2 times that of 
length. In this respect the plates resemble tliose of nesiotes and 
ihdefd and differ from those of D. grandissimus Goto. The trans- 
verse fascioles are very narrow, and appreciably shallower than in 
nesiotes. The surface of the plates is covered with a fine nap of 
small, sharp, delicate, appressed spinelets, like those of the paxillae, 
except in the middle of the plate, where they are only about half as 
long. 

Inferomarginals extending laterally beyond the superomarginals. 
and defining ambitus, forming a border about half as wide as the su- 
peromargin^s. The abactinal surface is covered with spinelets like 
those of the superomarginals while the actinal surface is beset with 
shorter and thicker, very small, sharp, subcorneal, slightly squami- 
fonn spinelets, converging and increasdng in length toward the 
aboral, marginal tumidity of the plate where there is a tuft of con- 
spicuous spinelets as in Z7. nesiotes, 5 to 8 tapering, rather stout, and 
often sharp spinelets being of predominant size. 

Actinal interradial areas large, tapering off gradually along the 
ray. The series adjacent to adambulacrals extends as far as the thir- 
teenth to thirty-second inf eromarginal or nearly to end of ray. The 
second series extends to the twenty-third or twenty-fourth, or three- 
fourths ihe length of ray, the third series to about the sixteenth 
inferomarginal or nearly half the length of ray. The front series ex- 
tends to the eighth plate, or a fifth the length of ray, while a fifth 
series extends to the sixth plate. Between this point and the first 
plate the plates in each interradial series increase in number from 
5 to 10. Back of the mouth plates is a pair of intermediate plates^ 
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and from these the odd series, containing 4 plates, reaches about half- 
way to the marginal plates. The intermediate plates have a conTex 
ridge, not very high, bearing numerous lanceolate appressed squami- 
form spinelets, increasing in size toward the furrow. 

Adambulacral armature : Furrow spines 8 or 9 (7 far along ray) 
rectangular in section, compressed, bluntly pointed, lanceolate in 
contour, the edge to furrow. The median 2 or 3 spines are a little 
longer than the base line of the series; the others are increasmgl? 
shorter toward either end of series. Subambulacral spines 25 to 30. 
Four to 6 slender, tapering, somewhat flattened, sharp spines, about 
two-thirds as long as the furrow spines, form a regular series just 
back of the furrow series. The remaining spinelets are much shorter 
and form 2 or 3 irregular longitudinal series, with several spinelets 
out of line, or there may be no definite arrangement 

The denuded mouth plates have a narrower inner end than in Z). 
nesiotes^ which has the actinostomial angle of the combined plates 
broad and rounded, very much as in D. grandiaaimua (Goto, 1914, 
pi. 8, fig. 137). The margin bearing the oral spines is longer than in 
nesiotes and grandisavmua^ especially in proportion to the edge ad- 
jacent to first adambulacral, while the angle formed by the posterior 
ends of the two plates is wider and extends farther inward than in 
either of the two forms mentioned. (See pi. 41, fig. la.) 

Marginal mouth spines 10, similar to those of the adambulacral 
plates, but heavier toward the inner end. The convex surface is be- 
set with numerous short, thick, granuliform spinelets, increasing 
in length at the inner end of the plates. Two or 3 flattened granuli- 
form spinelets form a very simple pedicellarian apparatus over 
the median suture, near outer end of the plates. 

Madreporic body large, 12 mm. in diameter, situated 14 nun. 
from inner margin of superomarginal plates and concealed by about 
25 large paxillae standing on its surface. 

Type,— Cfit. No. 37037, U.S.N.M. 

Type-locality. — Station 5115, Verde Island Passage, north coast 
of Mindoro, 340 fathoms. 

Distribution, — Known only from the type-locality. 

Remarks. — Dipsacaster imperialis is related rather closely to four 
species — D. nesiotes^ D. sladeni^ D. grandMsirrms^ and D. laetmo- 
philus.^ The nearest relative seems to be D. nesiotes^ although I have 
not been able to make comparisons directly with specimens of 
D. grandissi/nms. The squarish superomarginals characterize sla- 
deniy nesiotes^ imperialism and la^tmophUus^ while grandissimia 

^ Alcock, 1893, p. 87, pi. 5, figs. 3 and 4 ; Andaman Sea, 250 fathoms. 

3 Goto, 1914, p. 252, pi. 8, figs. 136-139 ; pi. 9, figs. 140-141 ; off Misaki, Japan, S40 
meters. 

» Fisher, 1911d, p. 95, pi. 12, flg. 8 ; pi. 15, flgs. 1, 2 ; pi. 52, flgs. 3, 3o, 86 ; pi. 5S, 
fig. 2; south of Alaska Peninsula, 695 fathoms. 
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has these plates conspicuously broader than long on the rays. 
D. aladeni has larger inferomarginal spines which tend, at least 
pioximally, to foim transverse series, and differs in this respect 
from the other four. In addition to the differential characters men- 
tioned in the diagnosis, D, imperialis has more subambulacral 
spines than sladeni (in which there are 12), and the latter has more 
eleTated actinal intermediate plates. According to the description 
"each plate has the appearance of a very large, compact, and beauti- 
fully expanded glomerular paxilla, owing to the fact that the 
central carina of the plate bears a multitude of stiff, radiating spine- 
lets arranged like the florets of a composite flower." In imperidlis 
the elevated portion of the plate is too broad and the spinelets are 
too short to give this appearance; rather' the mostly four-cornered 
plates look as if covered with squamiform granules. 

In D. laetmopMlus the rays are broader, with a distally wider 
paxillar area. The superomarginals are narrower, with deeper 
fascioles, and they correspond to the inferomarginals on the outer 
part of the ray (as in sladem). The adambulacral furrow spines 
are 7, thinner and more bladelike. 

The principal differences between this species and grandissimtis 
are contrasted below in parallel columns. 



D. ffrandi99imu8. 



D. imperialia. 



Rays shorter aud blunter, with a 
sabangular interbrachlum. R=2.5 r; 
in fljnire a little less. 

Superomarginals from near middle 
of ray outward nearly twice as broad 
as long. 

Inferomarginals uniformly covered 
With a thick coat of very fine, some- 
what flattened spines of a silky ap- 
pearance. 



One of the larger paxillae near mid- 
dle of disk with 4o spinelets. 

Aclinal intermediate plates 185 to 
each of the 5 areas ; actinal spinelets 
very nnalK exactly like those of the 
Inferomarginal plates. 



134^4— Bull. 100—19 11 



Rays longer and sharper, with wide 
arcuate interbrachia ; hence rays are 
narrower a short distance above base ; 
R=less than 8 r. 

From proximal fifth of ray outward 
plates only slightly broader (1.2) than 
long. 

Actinal surface of inferomarginals 
covered with very small, sharp, sub- 
conical and slightly squamiform, spine- 
lets directed toward the ambitus and 
increasing in size toward the outer 
tumid margin where a tuft is enlarged 
on the aboral border. At the base of 
ray 5 to 8 tapering sharp spinelets are 
obviously of predominant size. 

One of the larger paxiUae from disk 
with 85 spinelets (some with fewer, 
some with more). 

Actinal intermediate plates (in 
slightly larger specimen) 260± ; actinal 
spinelets swollen, papilliform, bent to- 
ward the ambitus, and more or less 
squamiform, with a broad, lanceolate 
contour and a rounded or pointed tip. 
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Subambulacral spines about 20. Subambulacral spines 26 to 85. usu- 

ally 26 to 80. 
Mouth plates where denuded with a Mouth plates where denuded wltli a 
broad rounded inner end to the com- narrow inner end to the combined pair 
bined pair and no appreciable angle and a longer spine bearing furrow 
between the outer ends ; spine bearing margin ; a conspicuous deep angle be- 
margln adjacent to furrow, shorter. tween the diverging outer ends of the 

plates. 

Dipsacaster pentagonalis Alcock, also from the Andaman Sea, 
differs in having conspicuous inferomarginalspinules and an enlarged 
subambulacral spine. 

Dipsacaster magnificus (H. L. Clark)* is probably closely related 
to D. imperidlis. Clark's type is of about the same size as that of 
impefidlisj the measurements being B, 156 mm., r. 50 mm., B=3 r, 
breadth 45 to 50 mm. 

The species of Dipsacaster lack large spines or other promineat 
tangible features for comparison, so that distinct forms may have 
a close superficial resemblance. This is the case with Z>. magnificus. 
In general appearance it greatly resembles imperialism but judging 
from Clark's careful description the following differences exist: 

Although magnificus is slightly smaller its madreporic body is 
2 mm. broader, carries 50 instead of 25 pazillae on its surface, and 
is 9 instead of 14 mm. from the inner margin of the superomarginal 
plates. The latter are 46 or 47 instead of 89 or 40 in number. They 
are thus smaller than in imperioMs. Of the inferomarginals Clark 
says : ^' Inferomarginals correspond in number and position with the 
superomarginals, but are much larger and project conspicuously 
beyond them; the interradial ones are 2 mm. long by 9 mm. wide 
(8 mm. wide in imperialis), while those near the middle of the arm 
are 8 mm. by 6 mm. (4 by 5.2 in imperialis) ; their covering consists 
of a close coat of short, flattened, blunt spinelets, much coarser than 
those on the superomarginals." In imperialis the spinelets are short, 
sharp, subconical, slightly squamiform, in general not much larger 
than the superomarginal spinelets except for a tuft on the aboral 
tumidity of each plate, these tufts giving a serrate appearance to 
the ambitus. Clark does not mention these enlarged spinules, and 
they are not discernible in the figures. The paxillae are a little 
larger than in magnificus^ the glomerular tuft at the top being 1.5 
mm. in diameter on the disk, where the spinelets are compact. There 
are 80 or 81 oblique transverse rows of paxillae meeting the first 10 
superomarginals, or 8 to a plate (usually 2, but sometimes 8 in 
magnificus). In imperialis the oblique transverse series of plates 
on either side of the midradial line are very distinct. The plates 

^ Lonohot<uter magiUflcus Clark, 1916, p. 30, pi. 6, flge. 1 and 2; Great Austrmllan 
Bight, 80-120 fathoms. 
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virtually form chevrons pointing toward the center of disk, but the 
apexes of the chevrons are not defined, because the regularity of the 
plates is interrupted along the radial line, as is characteristically 
the case in Dipsacaster. There are no means of comparing the form 
of the mouth plates, which would probably give valuable data. 
While no record is made of the internal anatomy of magnificusj I 
think there is little doubt that it is a typical Dipsdcaster. 

LoncTiotdater forcipifer Sladen is based on what is probably an im- 
mature specimen. L. tartareus.is the first species mentioned, and 
may serve as the genotype, since none was designated. The genus, as 
based on tartareus^ appears to be a near relative of DytHater. There 
is a small spine on each marginal plate, and one on most of the actinal 
intermediate plates. (See Sladen, 1889, pi. 16.) 

In this connection it might be well to state the characters which 
differentiate D. sladerd and D. laetmophUua^ two forms very similar 
in general habit. I have compared specimens. 



2). laetmophiliis. 

Spinelets of InferomarsrlnalB flat- 
tened and narrow - squamlform on 
actinal surface, becoming rather 
broadly squamlform on the plates of 
proximal third of the ray. These 
spinelets overlap and become larger 
from the inner edge toward the am- 
bitus. 

Raised ridge of Inferomarginal 
plates (at middle of ray) when de- 
nuded has the breadth of the actinal 
face 3 or a little over 3 times the 
length of the Inner end of this ridge, 
while tlie outer end (that defining 
aiid>itus) is bent slightly distad. 

Actinal Intermediate plates very 
narrow in the interradial region, the 
interradial dimension at least twice 
the other, sometimes 3 or 3.5; the 
fasdolar grooves separating these 
plates are wide and clearly marked 
(as wide as denuded tabulum of ad- 
jacent plates). 

Central spinelets of actinal inter- 
mediate plates decidedly thicker than 
the peripheral in the interradial re- 
gion, and somewhat squamlform and 
appressed. 

Abactinal plates of lateral regions 
of area roundish, not strongly lobed. 



D. tladeni. 

Spinelets of inferomarginals uni- 
formly very slender and splcullform 
on the actinal surface, except for a 
few enlarged ones at outer end of 
plate. 



The extreme breadth of the actinal 
aspect of ridge is about 2 times the 
length of the inner end, while the 
outer end is not bent distad. 



Tabulum of actinal intermediate 
plate not so compressed, and grooves 
more or less masked by spinelets. 
The actinal plates are fewer, but, in 
proportion to width of inferomargi- 
nals are larger. 



Central spinelets not thicker than 
the peripheral, but slender and radi- 
cating. 



Abactinal plates of lateral regions 
of area strongly lobed, those of me- 
dian radial region slightly scalloped. 
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DIPSACASTER DIAPHOBUS Flaher. 

Plate 12, fig. 3; plate 28, fig. 2; plate 29, fig. 2; plate 31, fig. 1; plate 41. 

figs. 3, Sa-c, 

Dtpsacastcr diaphottts Fisher, 1913a, p. 622. 

Diagnosis. — Similar in foi'm to D. sladeni^ but differing in having 
short, thick, clavate, or subterete thorny paxillar spinelets, more 
numerous adambulacral spinules, a small madreporic body and less 
conspicuous marginal spinules; all the shorter spines and spinelets 
thorny; paxillae with 20 to 25 spinelets; furrow spines 8 or 9, very 
slender, pointed, slightly compressed; subambulacral spinules, lo 
to 20 in series or forming a sort of rosettelike group on the convex 
surface of plate; madreporic body small. Rays rather slender, 
disk large, interbrachia abruptly rounded. B=31 mm., r=10 mm., 
E=3 r+ ; breadth of ray at base, 11.5 mm. 

Dencription. — Paxillar area compact. Paxillae comparatively 
large, largest laterally at base of ray and adjacent interradial regions 
of disk ; smaller in center of disk. Pedicels rather short, crowned by 
a capitate group of 20 to 25 thick clavate or cylindrical round-tipped 
minutely thorny spinelets, about as long as the pedicels, and rela- 
tively fewer and thicker than usual in this genus. Abactinal plates 
relatively large and close-set, those of the disk roundish, with some- 
times an indication of lobing, becoming broadly elliptical on the 
radial line and somewhat four-sided or subelliptical laterally. The 
papulae are absent from center of disk and midradial line, but this 
is very likely due to the small size of specimens. In the specimen 
from station 5423 many of the paxillae have the spinelets closely 
apprcssed and with slightly larger tips, resembling a simple pedi- 
cellarian apparatus. 

Superomarginals 23, abactinal in position, nearly square except in 
the interbrachia, and covered with slightly spaced spinelets similar to 
those of the paxillae, though a trifle stouter on the exposed median 
area of the plate. Fascioles wide and moderately deep. Terminal 
plate broader than long, saddle-shaped, with a wide, deep notch 
toward the paxillar area. 

Inferomarginals extending laterally beyond the superomarginals 
and corresponding to them, plate for plate ; in width about equaling 
the length of 2 with intervening fasciole. Plates covered with 
spaced, appressed, slender, sharp, sometimes flattened and squami- 
form spinelets, becoming a tuft of longer spinules on the outer 
end. Two or three of these are iVrger than the rest, arranged in a 
transverse series and similar to the lateral spines of D. slodeid^ 
though less conspicuous. 

Actinal interradial areas only moderately large; the plates in * 
larger and more mature specimen would probably extend farther 
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along the ray. One series extends to tenth inferomarginal, or a 
little less than half the length of ray; a second extends to fourth 
or fifth ; and a third extends to the third inferomarginal. An odd 
interradial series of about 4 plates extends from the pair of plates 
back of the jaws to the margin. The plates have fairly high ridges 
crowned by 15 or more slender, very thorny spinelets, larger at the 
tip than at base, and longer than the inferomarginal spinelets. 

Adambulacral plates slightly convex. Furrow spines, 8 or 9, 
long, slender, tapering, pointed, and slightly compressed, but not 
forming a wide blade as in the foregoing species, the 3 or 4 median 
the longest (considerably longer than plate) and the others gradu- 
ated in length toward either end of series. Subambulacral spinules 
15 to 20. much shorter, thorny, thickest at tip, and graduated in 
length from the curved series of 5 to 7 back of furrow spines to 
the outer edge of plate where the spinelets are equal and similar to 
those of actinal intermediate plates. The spinules nearest the fur- 
row seri^ are about two-thirds as long as the furrow spines, and 
the lateral and outer margins of plate are armed with spinelets, 
giving the appearance of a rosette on some plates. The subambu- 
lacral spinules form about 3 longitudinal series, but often outside 
the first series a regular arrangement is not discernible. 

Mouth plates with a marginal series of 8 or 9 long, slender, mar- 
ginal spines, in a curved series, similar to the furrow spines, in- 
creasing in length toward the inner angle where they are consid- 
erably larger than the furrow spines. Suborals on the inner end 
of plate nearly as long as the marginals, and thence decreasing in 
length outward until they are subequal to the actinal intermediate 
spinelets. They are numerous in about 3 series parallel to median 
suture. 

Madreporic body small for the genus, about its own diameter from 
the margin and overhung by 3 or 4 large paxillae. 

Type.— Cat. No. 30530, U.S.N.M. 

Type-locality. — Station 5526, between Siquijor and Bohol Islands, 
Philippine Islands, 805 fathoms, green mud and globigerina, bottom 
temperature 52.3° F. ; 1 specimen. 

Distribution, — Sulu Sea, Mindanao Sea, and off northern Siimar, 
383 to 805 fathoms. 

Specimens examined. — Five; the type and 4 from the following 
stations : 

Station 5423, Sulu Sea, near the Cagayanes Islands, 508 fathoms, 
gray mud, coral sand, bottom temperature 49.8° F. ; 1 specimen. 

Station 5445, north coast of Samar, 388 fathoms, green mud, bot- 
tom temperature 44.3° F.: 2 specimens. 

Station 5528, between Siquijor and Bohol Islands, 439 fathoms, 
globigerina ooze, bottom temperature 53.3° F. ; 1 specimen. 
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Remarks. — ^The specimens probably are all immature, although 
the type has the gonads developed, making the generic determination 
certain. The examples from station 5445 are small, and, owing to the 
lack of development of the papulae and the low paxillae, resemble 
narrow-rayed Patagiaater. It would be difficult to distinguish the 
young of the^e 2 genera, since the distinction depends upon the dis- 
tribution of gonads and papulae. 

This species is similar to D. sladeni in general habit, but the 
paxillae are composed of thorny clavate spinelets which can not 
by any stretch of the imagination be called "capillary." They are 
stouter in proportion to length than in any other oriental species. 
The marginal spines are not so well developed, and even though the 
specimens are small the adambulacral plates have 8 or 9 furrow 
spines and upward of 20 subambulacral spinule$. The madreporic 
body is rather small. 

Genus PATAGIASTER Fisher. 

Patagiaster Fisher, 1906, p. 1029. Type, P. rmttingi Fisher. 

PATAOUSTER SPHABRIOPLAZ FlalMr. 

Plate 28, fig. 8 ; plate 29, fig. 8 ; plate 41, figs. 4, 4a. 
Patagiaster tphaerioplaw Fisher, 1918a, p. 828. 

Diagnosis. — Differing from P. nuttingi in having shorter, broader 
rays, larger paxillae with more numerous granules; in having the 
paxillae in a definite radial, and parallel longitudinal series; in 
having broader marginal plates and slenderer actinal spinulation. 
E=28 mm., B=12 mm., B=:2.3 r; breadth of ray at base, 13.5 mm. 
Disk large, rays short, tapering from wide, rounded interbrachia to 
a pointed extremity; general form depressed; sides of ray rather thin, 
rounded. 

Description. — Paxillar area very compact, the paxillae crowded 
and large. The smallest paxillae are on the central portion of disk, 
in a circle with a radius of about one-half r; they increase rapidly 
in size and are largest on the peripheral interradial regions and 
proximal radial areas, decreasing slightly in size toward the end of 
ray. A regular radial series is clearly discernible, the others being 
arranged parallel to this, as in Pseudarchaster and many other 
Goniasteridae. In a transverse line across the base of the ray 13 to 
15 of these series can be counted. Three series reach the end of the 
ray. The larger paxillae have a convex flaring crown with about 
30 to 40 elongate regular beadlike granules, surrounded by a periph- 
eral series of numerous, slender, short spinelets, some of which are in- 
termediate in form with the central granules. As compared with 
P. nuttingi^ the paxillae of sphaerioplax are larger, not only com- 
paratively but actually, especially on the rays, and there is a smaller 
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area of small paxillae on the disk. The median radial series of 
pazillae is not easily distinguishable in nuttingi^ as the radial paxillae 
generally are smaller than the lateral, and not very regularly ar- 
ranged. In nuttingi there are over 20 poorly defined longitudinal 
series, as the paxillae arrange themselves more readily in oblique 
transverse series. Such an arrangement in oblique series is observ- 
able in sphaerioplax^ in addition to the longitudinal series. Finally, 
the paxillae of sphaerioplax contain many more granules than those 
of nuttingL 

Superomarginal plates 19, encroaching conspicuously upon abac- 
tinal area, rather wide in the interbrachia and decreasing regularly 
and rapidly in width toward end of ray. The width of the first 
plate equals the length of 3 measured at the outer end, while at 
the tip the width only slightly exceeds the length. The plates form 
a slight bevel, and the roimded upper edge of the ray is near the 
outer end of the plate. The plates are covered with beadlike gran- 
ules and a peripheral series of slender spinelets, becoming capillary 
in the deep, narrow, fasciolar grooves. Terminal plate ovoid, gran- 
ulate. 

Inferomarginals corresponding to superomarginals and extending 
very slightly beyond them laterally, a longitudinal fasciolar furrow 
separating the 2 series. They encroach upon the actinal surface 
about as much as do the superomarginals upon the abactinal, but 
their lateral surface is slightly more extensive, so that the extreme 
width of the plates exceeds slightly that of superomarginals. The 
plates are covered with slender, papilliform, slightly appressed 
spinelets, and in addition proximally 3, then 2, and distally 1 
slender, lanceolate, appressed spinnles in the median transverse line. 
The armature is similar to that of P. nuttingi^ but the spinelets and 
enlarged spinules are slenderer and the latter are a little smaller. 
The interbrachial plates of both series in nvditingi are a trifle nar- 
rower and the inferomarginals project a little more laterally. 

Actinal interradial areas extensive; intermediate plates extending 
in a single series half the length of furrow (to sixth inferomar- 
ginal) and in 2 series a little over a third the furrow (to third 
inferomarginal). The odd interradial series has 4 {plates, and 
extends from a pair of plates back of the jaws to the interradial 
suture between the 2 first inferomarginals (as in P. tmttvngi). The 
plates have a conspicuous keel and carry a paxilliform group of 15 
to 18 slender, rather long spinelets, those in center the stoutest and 
prickly at the slightly expanded tips. The spinelets are slenderer 
and longer than in P. nuttingL 

Furrow spines slender, pointed, slightly compressed, in a regular 
comb of 6, sometimes 7, the contour of the distal margin being 
curved. Subambulacral spines, 12 to 16, slender, terete, with prickly 
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tips, 3 or 4 along either lateral margin being the smallest, and a 
series of 3 or 4 back of the furrow, nearly as long as the furrow 
spines. Three longitudinal series can usually be discerned, the spme- 
lets in the outermost series being similar to those of the actinal inter- 
mediate plates. 

Mouth plates rather narrow, forming a salient inner angle. Mar- 
ginal spines about 9, gradually increasing in size toward the inner 
teeth, which are flattened and bladelike, the outer members being 
compressed and similar to adambulacral furrow spines. The series 
is continued along the lateral margin in 8 or 10 short terete 
pointed spinelets. Suborals similar to the subambulacrals, 15 to 18 
in number, in 2 series, one along the median suture and the other 
intermediate and parallel to the outer margin but not reaching 
the inner end of the plate. 

Madreporic body small, wholly concealed, a little nearer marginal 
plate than center of disk and nearly in the middle of r. 

Tube feet with a conical button at tip. 

Type.—C9Lt, No. 30531, U.S.N.M. 

Type-locaUty. — Station 6178, vicinity of Bomblon Island, Philip- 
pine Islands (lat. 12° 43' N.; long. 122° 06' 15" E.), 78 fathoms, fine 
sand; 1 specimen. 

Distribution, — Known only from the type-locality. 

Remarks. — ^This is a well-marked species of Patagiaster^ differing 
from the type P. nuttingi of the Hawaiian Islands in having shorter 
rays, larger paxillae with much more numerous granules, in having 
the paxillae arranged in very definite longitudinal series parallel to 
tne radial series, which, with the adradial paxillae, are subequal to 
the lateral plates, not smaller and irregularly arranged. The mar- 
ginal plates are broader in sphaerioplax and the actinal spinulation 
more delicate. 

This genus was established for a single species, but the group is a 
well-marked one, for in addition to nuttingi and sphaerioplaxj I 
have examined a third species dredged by the Albatross in Japan. 
The resemblance between this Japanese species and Pseudarchaster 
is very striking, as indeed is that of spfiaerioplax. But the pointed 
tube feet, concealed madreporic body, and the character of the fur- 
row comb are all different, the first character being the fundamental 
one which places Patagiaster in the Astropectinidae. Although the 
new species is less like Dipsacaster than is P. nuttingi^ I still believe 
that the relationship is rather close. 

Patagiaster differs from Dipsacaster in having the gonads con- 
fiined to the interradial regions, not festooned along the ray, in lack- 
ing papulae on the midradial region and center of disk, and in hav- 
ing the paxillar spinelets more granulif orm, although this last char- 
acter is partly bridged by Dipsacaster diaphorus. It differs from 
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Plutanaster in having an odd interradial series of actinal interme- 
diate plates, and a different type of marginal armature ; from Tethy- 
aster in having the gonads confined to the interradii, and a less 
angular and less astropectenoid type of adambulacral armature. 
From LeptycTiaster^ to whiAi it is closely related, Patagiaster differs 
in having armed inferomarginals and a less angular and longer 
comb of furrow spines, as well as a truly concealed madreporic body. 
In Leptychaster the testes are serially arranged along either side of 
the ray, whUe the ovaries are strictly interradial and in a single 
tuft on either side of the interradial septum. 

Genus KOREMASTER Fisher. 

Korenuuter (subgenus) Fisheb, 1913a, p. 623. Type, Dy taster {Korem- 
aster) evaulus Fisher. 

Diagnosis. — ^Differs from typical Dytdster in having a very weak 
abactinal integument, Astropectenlike paxillae with well-developed 
pedicels and relatively long, slender spinelets; and in having the 
marginal fascioles well developed. Pedicellariae, marginal armature, 
and adambulacral armature, gonads, and alimentary system as in 
Dytaster. An odd interradial series of actinal intermediate plates, 
often irregular, is present, and the madreporic body is smaller and 
less densely covered with paxillae than in Dytaster, 

KOREMASTER EVAULUS (Fisher). 

Plate 33, fig. 2 ; plate 34, fig. 2 ; plate 40, figs. 2, 2a-6. 
Dytaster (Koremq%ter) evaulus Fisher, 1913a, p. 623. 

Diagnosis. — ^Rays 5. R=62 mm., r=15.5 mm., R=4 r; breadth 
of ray at interbrachium 19 nrni., at tenth superomarginal 9 mm. ; 
interbrachium arcuate or rounded-angular; rays arcuately taper- 
ing and narrow beyond the basal fourth; abactinal integu- 
ment inflated ; paxillae well developed, often penicillate, with fairly 
tall pedicels and slender, pointed, thorny spinelets; abactinal, glo- 
bose pedicellariae; well-developed marginal fascioles; marginal 
plates small, blocklike, with a stout conical spine; actinal inter- 
mediate pedicellariae; furrow spines much compressed, 7 or 8; sub- 
ambulacral spines, 6 to 10, 1 being enlarged; usually 1 or 2 sub- 
ambulacral pedicellariae ^ first adambulacral plate compressed ; mar- 
ginal mouth spines much compressed. 

Description. — ^Abactinal integument rather thin, inflated. Paxil- 
lae fairly uniform, not crowded, with well-developed pedicels on 
disk and proximal half of ray, becoming low and Dytaster-\\k^ on 
tbe outer part. Largest paxillae are on the madreporic body, but 
aside from these the next largest are found in the interradial regions 
and adjacent portion of the proximal half of ray, the smallest 
paxillae being on center of disk, midradial line, and distal half 
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of ray. The difference in size is not great until the outer third of 
ray is reached. The spinelets are slender, tapering, and pointed, 
and are slightly shorter to slightly longer than height of pedicel, 
the latter being the variable feature, ysually they are borne in a 
brushlike tuft, but sometimes radiate apart. A large paxilla has 
15 to 20 spinelets, of which 3 to 6 stand on the convex top of the 
pedicel and the others, with a slight basal web, form a peripheral 
series. The distinction between the two sets is not sharp. When 
dried, the spinelets are glassy in appearance and minutely thorny; 
and the paxillae resemble, on a small scale, those of Crossaster 
papposua. 

Scattered over the paxillar area and occurring rather commonly 
around the border, are lower paxillae bearing globose pedicellariae 
composed of 3 to 5 scalelike granules, or very low, broad, convex 
squamiform papillae. The pedicellaria resembles a large globular 
granule split nicely into 3 to 5 sections. 

Abactinal plates of ray have a generally broadly elliptical out- 
line, but are irregular and often indented or scalloped. They are 
spaced, except at end of ray and center of disk. Papulae, 4 to 6 
about each plate, absent from end of ray and center of disk. 

Marginal plates rather small, regular, opposite, and square, as 
seen from side, and forming a perpendicular lateral face to ray. 
They are separated by pronounced and abrupt, vertical fascioles, ' 
lined with delicate spinelets, Superomarginals, 37 to the ray, en- 
croach very slightly upon the paxillar area, and, as seen from above* 
are of about the same width throughout the series, this equaling 
about one-half the height of the plates proximally, while distally 
the height gradually lessens and becomes equal to the width. The 
plates form an evenly rounded edge to the dorsal surface, and 
each bears on this rounded margin between the dorsal and lateral 
faces an erect, stout, conical, sharp spine 3 mm. long proximally 
(or equal to 2 plates in length). Sometimes the spine is shorter. 
The spinelets covering the plate are very similar to the paxillar 
spinelets, delicate, tapering, or slightly swollen and sharp; and 
when dried they are thorny, as are all the spines and spinelets. 

Inferomarginal plates encroach conspicuously upon actinal sur- 
face, the actinal facet of the plate being wider than the lateral in 
the interbrachium and about equal on distal half of ray. The cover- 
ing of the plates is similar to that of the superomarginals, and simi- 
larly on the angle between the actinal and lateral facets of plate is a 
conical sharp spine subequal to or proximally a trifle larger than the 
corresponding superomarginal spine, the series being very regular, 
and the length decreasing toward the extremity of ray. 

Terminal plate as seen from above broadly arrow-shaped with a 
deep indentation equal to half its length on the proximal side and 
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bearing on the rounded tip a stout, sharp central spine with one on 
either side, and between them numerous accessory sharp, slender 
spinules. 

Actinal interradial areas large, but owing to the narrowness of 
rays the plates do not extend beyond the eighth inferomarginal, or 
about a foui-th the length of ray measured along side. They are 
arranged in not very regular series extending from the adambulacrals 
to margin, toward which the plates diminish in size. There is an 
odd interradial series. The plates are externally irregularly po- 
lygonal to roundish, with a central eminence crowned by a con- 
spicuous low pedicellaria, similar in structure to those of the abacti- 
imJ surface, but much larger, and composed of from 4 to 8 low, 
broad, swollen, blunt papillae, surrounded by a circle of several 
slender spinelets. The pedicellaria resembles, in miniature, the bud 
of a flower with fleshy petals, except 1 or 2 near the mouth plates, 
which are pectinate. On the ray the pedicellariae have sometimes 
slightly longer jaws. The figure will better show the form. Here 
and there are plates without pedicellariae, capped by a group of 
divergent slender spinelets. In the small specimen from station 
5601 the pedicellariae are much fewer. 

Adambulacral plates narrow, being much longer than wide, with a 
rounded furrow margin bearing 7 or 8 fairly long, bluntly pointed, 
compressed spines, widened* and bladelike at the base, and some- 
times rather abruptly constricted near the tip, the median spines 
being slightly the longest and all forming a vertical comb. Close 
to tiiese on the surface of the plate is an irregular longitudinal 
series of 6 to 10 cylindrical, pointed spines, of which 1, near center, 
is much enlarged and subequal to the furrow spines or sometimes 
longer, while the rest are graduated in size toward either end. But 
on the outer part of the ray the other spines are abruptly smaller, 
one-half to two-thirds the length of the larger, and not clearly ar- 
ranged in a series. Most of the plates bear a prominent pedicellaria 
with usually 3 jaws (slightly longer than those of interradii) and 
usually situated at the aboral end of plate. Many plates bear a 
second pedicellaria, sometimes slightly smaller than the other, near 
the middle or the adoral end. The specimen from station 3601 
seldom has an adambulacral pedicellaria and the number of sub- 
ambulacral spines is therefore greater (8 to 12). The furrow spines 
are not widened at the base; perhaps this is an attribute of age. 
First adambulacral plate somewhat triangular and compressed. 

Mouth plates convex actinally, the combined pair projecting into 
actinostome for half their length, and broader at outer than at 
inner end. Furrow spines 7, the inner heavy and compressed, and 
much larger than the adambulacral furrow spines. They are broken 
in the type, but they decrease in size toward the first adambulacral, 
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and the series is continued along the adambulacral margin by a 
number of smaller, cylindrical, pointed spines. Numerous similar 
spines cover the surface of the plates forming 2 or 3 irregular series. 

Madreporic body 5 mm. in diameter, or one-third minor radius, 
and situated less than its own diameter from margin of paxillar 
area. Fine, irregular striae proceed from near the center. About 
15 paxillae spring from the surface. 

Color in alcohol, bleached yellowish. 

Tube feet rather large, pointed, but with a small conical knob at 
the tip ; no deposits. 

Type.—Gsit. No. 30532, U.S.N.M. 

Type-locality.— SteLtion 5606, Gulf of Tomini, Celebes, 834 fath- 
oms, green mud. 

Distribution. — Known only from Gulf of Tomini, Celebes. 

Specimens examined. — The type and a specimen from station 5601. 
Gulf of Tomini, Celebes, sand, globigerina, and pteropods. 

Remarlcs. — This species is remarkable for the typical paxillae and 
well-developed marginal fascioles. Among the species of Dytaster 
dredged by the Challenger it shows most resemblance to D. sptnosm, 
but has perpendicular sides to the ray, taller and more penicillate 
paxillae, and characteristic pedicellariae. D. aequivocus Sladen is a 
very immature form from the Arafura Sea, west of the Aru Islands, 
800 fathoms. On this account it can not be compared with Korem- 
aster evaulus. 

The genus '^Crenaster " of Perrier is based on the absence of actba! 
intermediate and abactinal pedicellariae, on the smaller number of 
actinal intermediate plates, and on the presence of an enlarged sub- 
ambulacral spine. Yet in the descriptions of Crenaster moUis and 
C. spinvlosus no mention is made of this enlarged spine. In Dyt^t^ 
grandis the enlarged subambulacral is present on the outer part 
of the ray and there are abundant pedicellariae. Both forms of 
Koremojsier have the enlarged subambulacral spines plus pedicel- 
lariae. The distinction based on less numerous actinal intermediate 
plates does not hold. In so far as ^^ Crenaster " rests on these char- 
acters it is not a workable group. 

Korerthoster differs greatly in appearance from typical Dyta^teu 
such as nohilis and grandis {=^7nadreporifer Sladen). The paxillae 
are higher, with long spinelets, and are more like those of Astro- 
pecten; the marginal plates, at least proximally, have well-developed 
fascioles, and are therefore thicker than in typical Dytaster; the 
actinal intermediate plates are more convex and paxilliform, while 
an irregular odd interradial series of plates is present. In typical 
Dytaster this character is apparently variable, but exact data are 
lacking in some species. The odd series is present in gUhertij but 
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absent apparent in nohilis and exUis; in grandis it seems to be 
Tariabk, but the plates are usually irregular, so that it is hard to 
trace the series. In gilberti the paxillae are fairly high, though the 
spindets are short, and at the base of the ray the marginal plates 
are separated by f ascioles, less well developed than in Koremaater. 

KOBEMASTER EVAULUS SPICULATUS, new sabapedefl. 

Plate 33. fig. 1 ; plate 34, fig. 1 ; plate 40, figs. 3, 3a-/. 

Diagnosis. — Very close to the type-species, but differing in having 
more elongate and conical pedicellariae with less modified jaws, 
fewer pedicellariae, terete furrow spines, slightly wider mouth plates, 
and less compressed first adambulacral plates. K=44 mm., r=12 
mm., R=3.66 r. General form slightly variable, the rays either 
tapering directly from abruptly rounded interbrachial angle, or 
arcuately, the interbrachium being open and rounded. 

Description, — ^Abactinal surface and paxillae very similar to those 
of the type, but the pedicellariae are either few or entirely absent. 
They seem to occur only around the edge of the paxillar area next 
to the marginal plates, and they have the much slenderer and pro- 
portionately higher jaws* less modified. In some pedicellariae the 
jaws are very nearly like short sharp spines, such as occur on paxillae. 

Abactinal plates irregularly elliptical on rays to subcircular at 
renter of disk, where they are close together, but spaced on the rays ; 
4 or 5 papulae about each plate ; the papulae are absent from end of 
i-ay and center of disk ; abactinal integument thin and flexible. 

Marginal plates in proportions and armature practically like those 
of evavhs. One specimen only has a second much shorter accessory 
spinule on the inner edge of most of the superomarginal plates* 
Superomarginals 80 in type. Terminal plate shorter and blunter 
than in evauluB^ being only a little longer than wide, but is never- 
theless variable. Some approach very close to evaulus. Inferomar- 
ginals rarely with 2 spines side by side. 

Actinal intermediate plates extending to about the tenth or 
eleventh inferomarginal or nearly half the ray — proportionately far- 
ther than in evcpulus. The odd interradial series is sometimes not so 
evident as in evaulus^ owing to its having been crowded to one side, 
but usually it is perfectly plain. The plates are either wholly with- 
out pedicellariae or with a variable number. These have 3 to 5 
spiniform jaws, which are less modified than in evcmlus. They vary 
in form from unmodified spines to elongate curved spatulate swollen 
papillae. Only in one specimen do they approach closely those of 
evatilusj but this specimen also has pedicellariae with the elongate 
spiniform ty^>e of jaw. A crmparison of figures will b(^st illustrate 
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the diflference. (PL 40, fig. 3c.) Besides the pedicellariae the plates 
bear upward of 10 slender spineleta. 

Adambulacral armature : Furrow spines 6 or 7, long, fairly slender, 
terete, and sharp, and when dry minutely thorny. They show no 
sign of the compression characteristic of evatUuSj and they usually 
extend in a fanlike series horizontally across the furrow, being nearly 
equal, except that either or both laterals may be shorter and slenderer, 
especially when there are 7 spines to the series. Subambulacral 
spines usually in 2 series. In the first are 5 to 8, of which 1 near the 
center is enlarged and nearly or quite as large as the median furroT? 
spines; the rest are either successively shorter as at the base of ray 
or abruptly shorter. The outer series consists of 5 to 8 spinelets 
similar to those of the actinal intermediate plates. Along either 
transverse margin of plate are 2 or 8 spinelets belonging to the 
above series, with sometimes 1 or 2 added. On the outer half or 
third of the ray the enlarged subambulacral spine is considerably 
longer and stouter than the furrow spines, for the reason that it 
remains nearly uniform in size while the furrow spines rapidly 
shorten. Subambulacral pedicellariae are so rare as to be a negligible 
character. The first adambulacral plate is not compressed, though 
a little wider than the succeeding. 

Mouth plates broad and convex, a trifle broader in proportion to 
length than in evaulus. Marginal spines 6 to 8, terete, tapering, 
pointed, the inner about half as long as the plate, the rest successively 
shorter. Suboral spines numerous and smaller, in a well-defined 
series of 8 to 10 along the edge of the median suture, decreasing in 
length from the teeth outward, and in about 2 irregular inter- 
mediate series. The marginal series, as in evaithts, is continued by 
smaller spines along the adambulacral margin. 

Madreporic body large, less than its own diameter from margin, 
and with about 12 paxillae on the surface. One of them is very much 
larger than the rest, this difference not being evident in the type of 
evaulus^ though indicated in a less extreme form in the small specimen 
from station 3601. 

Anatomical notes. — Stomach large, and not divided into dorsal and 
ventral divisions; hepatic coeca short, extending only about one- 
fifth the length of ray; intestinal coecum small and in the form of a 
simple ovoid sac; anal aperture smalL Gbnads not confined to inter- 
radius, but in the form of a series of several independent tufts, 
diminishing rapidly in size distad and reaching nearly to the middle 
of ray. Polian vesicle in each interradius except that of stone canal ; 
ampullae large, 2-parted. Superambulacral plates very small, want- 
ing opposite the first, and either very rudimentary or absent opposite 
the second ambulacral plates. 

Type.— Ca.t No. 87018, U.S.N.M. 
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Type-localUy. — Station 5332, Mindoro Strait, west of Mindoro, 
Philippine Islands, 745 fathoms, green mud, bottom temperature 
38.2° F. 

Distribution, — Known only from the type-locality. 

Specimens examined. — Seven, from the type-locality. 

Remarks. — ^This form resembles so closely evaiUtcs that it has been 
described as a geographical race, although no specimens from inter- 
mediate localities have been examined. The differences are mainly 
as follows: evofulus has fewer and higher pedicellariae with less 
modified jaws, and they are not found on the adambulacral plates; 
the rays are a little shorter and the disk relatively a little larger; 
the actinal intermediate plates extend farther along the ray; the 
furrow spines and marginal mouth spines are terete, n<ft markedly 
compressed; the subambulacral spines are in 2 series, but this is 
sometimes the case in the foregoing species. 

Family LUIDIIDAE Verrill. 

Genus LUIDIA Forbes. 

lAMia FoBBES, Mem. Wernerian Nat Hist Soc, vol. S, 1889, p. 128. Type^ 
L. froffUUsima (»L. oiliaris (PhUippl)). 

KBT TO THB 8PBCIB8 OF LUIDIA HBRIIlf DBSCBIBSD. 

8*. Bays 6, and pazUlae never with a conspicuous central spine. 
^. Inferomarginals witli a single conspicuous lateral spine and several shorty 
appressed actinal spinulea 
c^. Adambulacral armature: a furrow spine, a large subambulacral spine» 
and adorad to this, a long, slender, two-Jawed pedlcellaria. 

Umgispina, p. 164. 
r^. Adambulacral armature: a furrow spine and, proxlmally, 5 subambu- 
lacral spines; distally, 8; no adambulacral pedicellariae. 

prionoia, p. 164. 
y. Two or 8 conspicuous spines (sometimes 4 or 5) in a transverse series 

on inferomarginal plate ; similar in general appearance to L. aarsi !._ 

orientalU, p. 16G. 
0*. Rays 7 to 11. 
&^. Pazlllae without a conspicuous central spine, or if this is present then 
only on outer part of ray. 
c^. Rays usually 8 ; paxmae of lateral rows quadrate or roundish quadrate, 
compact, without a conspicuous pedlcellaria ; no large naked spaces be- 
tween the Inferomarginal plates ; never any pedicellariae in furrow 

mactUata, p. 168. 
if. Rays constantly 11 ; paxlUae spaced, delicate, with a conspicuous central 
pedlcellaria and also several on the sides of the pedicels; inferomar- 
ginals separated actinally by large, naked spaces; a few proximal 
adambulacral plates with a slender pediceUaria Just dorsal to furrow 

spine gymnochora, p. 176. 

t^. Some of the paxUlae of lateral parts of ray, at least, with conspicuous 
central spine. 
c\ No pedlcellaria Just dorsal to furrow spine. 
d\ Rays 7 (sometimes as few as 5) ; inferomarginal spines usually 8, in 
a transverse series Bavignyi, p. 170. 
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d*. Rays 8 to 10; Inferomarglnal spines visually 4 to 6, sometimes only 

3 in small specimens aspera, p. ITL 

c*. A small two-Jawed pedicellaria Just dorsal to the furrow spine ; rays 10- 

avicularia, p. 172. 

LUIDIA LONGISPINA 



Plate 48, fig. 5. 

Luidia longispina Slaoen, 1889, p. 254, pL 48, figs. 8 and 4; pi. 45, figs. 
8 and 4. 

Two specimens are larger than Sladen's type. The larger has 
the following dimensions: R=74 mm., r=10.6 mm., R=7 r. The 
specimens agree with Sladen's description. There is a fifth regular 
series of abactinal paxillae. The paxillae, as noted by Sladen, are 
distinctly spaced except along the median area of ray. 

Type. — In British Museum. 

Type-locality. — Challenger station 208, east of Panay Island, 
Philippine Group, 20 fathoms, mud. 

Distribution. — Philippine Islands, from Samar and Panay to 
Tawi Tawi ; 18 to 24 fathoms, mud or fine sand. 

Specimens examined. — Five specimens from the following Philip- 
pine stations: 

Station 6157, 8.8 miles northeast Tinakta Island, Tawi Tawi 
Group, Sulu Archipelago, 18 fathoms, fine sand; surface temperature, 
79° ; 1 small specimen. 

Station 5182, oflf eastern Panay (8.7 miles southeast Antonia 
Island), 24 fathoms, fine sand, mud; surface temperature, 80"^; 3 
specimens (1 very young). 

Station 5209, off western Samar (1.8 miles northeast Taratara 
Island), 20 fathoms, green mud; surface temperature, 84°; 1 
specimen. 

LUIDIA PBIONOTA Ftohar. 

Plate 41, figs. 5, 5a ; plate 45, figs. 1, 2. 

Luidia prionota Fisher, 1913c, p. 202. 

Diagnosis. — Similar in general form to Luidia forficifera Sladen, 
but differing in lacking entirely adambulacral pedicellariae, in hav- 
ing proxinially at least 5 adambulacral spines in addition to the 
curved furrow spine, the 4 outer forming 2 longitudinally oriented 
pairs; central spinelets of paxillae not granuliform; marginal spine 
usually longer than extreme width of inferomarginal platp; actinal 
intermediate pedicellariae usually absent. Rays 5. R=32 mm., 
r=5 mm., R=6 r; breadth of ray at base, 6 mm. Abactinal surface 
slightly arched, usually plane on radial region of ray; inferomar- 
ginals slightly arched, forming a broad border to actinal surface; 
marginal spines fairly long, single, forming a prominent fringe to 
ambitus. 
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Description. — ^Paxillae arranged as in Z. forficifera^ there being 

3 regular series of fairly large, subquadrate ones, with a fourth and 
even a fifth series of smaller paxillae distinguishable. The paxillae 
are slightly spaced, the larger having upward of 15 to 20 peripheral, 
slender spinelets, and 10 or 12 stouter and shorter central spinelets, 
which are longer and less granuliform than in forfiGifera. The 
smaller paxillae vary greatly according to their position, an average 
median paxilla having upward of 12 peripheral and 7 or more central 
spinelets. The dorsal surface differs from that of L. forficifera 
chiefly in the longer central spinelets of the paxillae. The dorso- 
lateral paxillae are about intermediate between the quadrate and 
rotund forms. In a specimen from station 5158 the central spinelets 
are little if any stouter than the peripheral. 

The type of inferomarginal armature resembles that of Z. for- 
jicifera^ but the lateral spine is longer, usually exceeding the width 
of the plate, except at the very base of the ray where it about equals 
the width. The spine is flattened, narrow, and pointed. Between 
the base of the spine and the inner end of plate is a straight series of 
about 4 (8 to 5) short, lanceolate spinules; or there may be a second 
series of about 3 spinules adorad to the above, as in forficifera; oc- 
casionally the spinules form a zigzag series. A series of very deli- 
cate spinelets fringes either transverse border of the plate, and they 
are not swollen at the inner end of the plate as in forficifera. The 
marginal f ascioles are fairly deep and about as wide or a little wider 
than the thickness of the intervening ridges. 

Adambulacral armature: (1) A rather long, curved, compressed 
furrow spine (about equaling 1.5 times the width of plate), followed 
by a stouter, slightly longer, pointed spine, slightly curved at the 
base. (2) Just external to this, side by side, are 2 stout imequal 
tapering pointed spines, the aboral often the larger and usually a 
little shorter than the foregoing. (8) These are followed by another 
pair of smaller spines, of which the aboral is usually the larger — 
standing also in a longitudinal series with reference to ray. Beyond 
the base of the ray these spines are usually absent. (4) On the 
first 2 or 3 plates 1 or 2 small spinules stand behind the second 
pair of spines. On the outer part of the ray there are present only 

4 spines, namely, the furrow, the inner subambulacral, and the first 
pair of spines (No. 2 above). There is no subambulacral pedicel- 
laria as in forficiferOj the adoral Efpine in the first pair occupying 
its position. The second pair of spines is present in a very few 
proximal plates in forficifera. 

Proximally the actinal intermediate plates bear a very few deli- 
cate, short, spinelets, which decrease to 1, and finally disappear on 
the distal half of ray. The 2 interradial plates bear a tuft of spine- 
lets. Two specimens without locality have two-jawed tapering pedi- 
13434— BuU. 100—19 12 
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cellariae on the interradial plates (in one of them, not on all). The 
other specimens entirely lack pedicellariae, such as are present in 
forficifera. 

The mouth plates form a salient angle into actinostome, and at 
the inner end of each pair of plates are 2 large two-jawed pedicel- 
lariae half as long as the interradial width of the plate and extend- 
ing side by side horizontally over actinostome. Seen from the actinal 
surface they are slightly tapering, bluntly pointed. Six to eight sharp 
spines occupy the outer margin between the pedicellaria and outer 
end of plate, and about the same number, close to the above, follow 
the margin of the narrow median suture. 

Type.— Cat. No. 32622, U.S.N.M. 

Type-locality. — Sttftion 5181, off eastern Panay (6.6 miles northeast 
Antonia Island) , 26 fathoms, mud and fine sand, surface temperature 
80° F.; 6 specimens (4 young). 

DiatribvMon. — ^Panay to Tawi Tawi Group, 12 to 26 fathoms. 

Specimens excumined. — Nine — 6 from the type-locality, 2 without 
locality, and 1 from station 5158, 1.9 miles southeast of Tinakta 
Island, Tawi Tawi Group, Sulu Archipelago, 12 fathoms, coarse 
sand, shells. 

Remarks. — L. prionota^ on account of the absence of adambulacral 
pedicellariae and the large number of adambulacral spines proxi- 
mally can not be confused with L. forficifera or L. quinaria (includ- 
ing L. Umbata). It differs from L. pencmgensis de Loriol, which 
has constantly 6 rays, and a prominent madreporic body, in having 
larger paxillae, in lacking adambulacral pedicellariae, and in having 
more than 3 adambulacral spines. Luidia chefuensis Grube is ap- 
parently a museum name only. According to Sladen (1889, p. 253) 
it has not been described. This form is said by Sladen to have a 
comb of 4 or more spinelets, running parallel to the furrow, behind 
2 single curved spinelets, apparently in the position occupied by 
the inner pair of spines of prionota. 

The absence of adambulacral and abactinal pedicellariae suggests 
Luidia clathrata of the West Indies and southern United States, 
and Z. foliolata (southern Alaska to Mexico). 



LUIDU OBIENTALIB ] 

Plate 43, figs. 2rA ; plate 44» fig. 1 ; plate 46, fig. 3. 

Luidia orientalis Fisheb, 1013c, p. 203. 

Diagnosis. — ^Related to L. sarsi Diiben and Koren, L. africana 
Sladen, and Z. astJienosoma Fisher. Closely resembling Z. a^theno- 
soma^ from which it differs in having deeper and broader marginal 
fascioles, slightly longer inferomarginal and adambulacral spines, 
longer inferomarginal spinelets, and actinal intermediate pedicel- 
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lariae tapering slightly when seen from side (untapered or obovate 
in (uthenosoma) . Bays 5. R= about 120 mm., r= about 14 mm. The 
tip of ray is regenerating, so that the original was considerably 
longer. Breadth of ray at base, 15 mm. • 

DescHption. — ^The paxillae greatly resemble those of L, astheno- 
sonuiy having longer and slenderer spinelets than are present in 
«am, even a little longer than in africana. The small paxillae of 
median portion of ray have slender pedicels, which usually are 
broader at the top and bear 1 to 4 or 5 central and 8 to 12 periph- 
eral, thorny, sharp spinelets about three-fourths the length of the 
pedicel. The crest of the superomarginal paxillae is crescentifonn, 
with the concavity abutting on the upper end of the inferomarginal. 
Each paxilla bears 20 to 30 long, slender spinelets. There are about 

2 regular series of paxillae parallel to the superomarginal, of which 

3 correspond to 5.5 of the dorsolateral. Sarely an obovate two- 
jawed pedicellaria is present on one of the small median paxillae. 
These are usually numerous in astJienoaoma. 

The inferomarginals have slightly higher special ridges separated 
by broader f asciolar furrows than in aarsi and asthenosoma^ and the 
ridges are slightly thinner in proportion to the extreme width of 
the plate. In ofientaUs the furrow in width equals 1.6 times the 
thickness of the ridge, while in asthenoBoma the two are very 
nearly equal. The inferomarginal plates bear on the outer half 
2 stout, long, sharp, subterete spines, the upper usually the 
longer and equaling 8 plates in length. A third, considerably 
shorter spine is usually present, spaced from the lower lateral spine, 
and at the base of ray is a fourth still smaller, accompanied by 
several slender, accessory spinules. One of these may occasionally 
form a fifth spine. On the outer part of ray there are usually 3 sub- 
terete, sharp, equidistant spines, graduated in length toward the 
outer, or 2 lateral and 2 considel'ably smaller (perhaps only half 
the length of the outer) on the inner half of plate. The spaced 
superficial spinelets are long and slender, longer than in sarai or 
asthenosomoj and reaching nearly across the intervening furrows. 

Actinal intermediate plates broader than long, with a rounded 
inner end overlapping broadly the adambulacral plates. The plates 
bear 1 to 3 spinules on a boss near the inner end, and spaced from 
these a pedicellaria with 2 broadly spatulate jaws. (See fig. 3, 
pL46.) 

The adambulacral armature is of the type of sarsi and astheno- 
sorna^ consisting of a transverse series of 3 long spines, the outer 
2 terete, tapering, and subequal, or the median slightly longer, and 
two-thirds the length of the longest lateral spine. Just adorad to 
the 2 outer spines are usually 2 unequal spinules. In a^tJvenosoma 
the spines are practically the same but a little shorter. 
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Mouth plates and armature practically the same as in Z. astheno- 
sonuiy but the median suture broader. (Fisher, 1911(2, pi. 21, fig. 1.) 

Color in alcohol, bleached yellowish brown. 

ryp<?.— Cat. No. 32623, U.S.N.M. 

Type-locality, — Station 6801, China Sea, vicinity of Hongkong 
(lat. 20° 87' N.; long. 115° 43' E.), 208 fathoms, gray mud, sand, 
bottom temperature 50.5° F. 

Distribution. — Known only from the type-locality. 

Remarks, — ^This species, as stated in the diagnosis, resembles most 
nearly Z. asthenosoma^ from off the coast of California, to which it 
is very closely related. It is also related to L. sarsi^ L. elegans^ and i. 
africana. It differs from L. sarsi in having longer paxillar, marginal, 
and actinal spines, broader and deeper marginal furrows; it differs 
from elegans in practically the same respects, and in lacking the nu- 
merous abactinal pedicellariae of elegans. Z. elegans and L. sarsi are 
very close, probably but races of the same species. It differs from L, 
africana^ which represents elegans on the east side of the Atlantic, 
in having broader inferomarginal fascioles, longer inferomarginal 
spinelets, more tapered actinal pedicellariae, and agrees with it as 
well as with astJienosoma in having longer rays than sarsi. 

As Z. asthenosoma is not known north of central California, its 
range is widely separated from that of arientalis. Z. africana^ the 
nearest form to the westward, is found in the Atlantic off northern 
Africa. It would appear, therefore, that Z. arientalis is isolated 
from its two nearest relatives. Z. sarsi^ Z. eleg<ms^ Z. africana^ Z. 
asthenosoma^ and Z. arientalis all bear a rather close resemblance, 
and the differences which separate the species are less trenchant per- 
haps than are usually relied upon to separate species of starfishes. 
The range of variation, so far as known, is slighter than in most 
species of starfishes, so that the characters, even if relatively slight, 
are apparently constant and trustworthy. The range of variation is 
unknown in Z. arientalis^ since there is only one specimen known. 

LUIDIA MACULATA Mfiller and TrowheL 

Luidia maculata Mt)ixEB and Tboschel, 1842, p. 77 (Japan). For descrip- 
tion and bibliography see: Perrler, 1875, p. 338; Koehler, 1895, p. 387; 
19106, p. 267. 

Notes an Philippine specimens. — ^The two nearly equal-sized speci- 
mens from station 5846, Palawan, 8 fathoms, present some points of 
difference when compared with a presumably typical, large example 
from Misaki, Japan. The Palawan specimens have R=135 to 140 
mm., although some of the 8 rays are shorter than this, having 
been broken and subsequently regenerated. In the Japanese speci- 
men, R=175 mm. : rays 8. The paxillae of the Palawan specimens are 
distinctly smaller, and not rectangular as are those of the Japanese 
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example, and are evidently similar to those of a specimen from Bata- 
Tia, described by Perrier (1875, p. 889). The paxillae form 5 or 6 
regular series in either side of the ray, but present a more open ap- 
pearance, due to their much fewer than normal number of spinelets 
and to the rounded comers of the crowns. A large paxilla at the base 
of the ray has a circular or broadly elliptical contour to the strongly 
convex crown, which consists of 12 to 18 unequal, blunt, peripheral 
spinelets, and 7 to 12 shorter, stouter, subtruncate, spaced, divergent 
central spinelets. The stoutest commonly stands in the center sur- 
rounded by a circle of 6, these in tym surrounded by a partial cycle 
of slenderer spinelets, intermediate in robustness between the central 
and the outermost. A considerable but variable number of the su- 
peromarginal paxillae, as well as a less number in the next series ad- 
jacent, have 1 or 2 pedicellariae with 2 tapering jaws varying from a 
trifle stouter and longer to a trifle shorter than the spinelets. In the 
Japanese specimen the paxillae have upward of 25 central and 25 
or 30 much slenderer peripheral spinelets, while the crowns are squar> 
ish or transversely oblong, and rather close-set. The superomarginal 
paxillae are nearly square, and a variable number have an inconspicu* 
ous 2- or 3-jawed spiniform pedicellaria, usually on the outer longi- 
tudinal margin. I do not think this has been mentioned in current 
descriptions. 

The adambulacral armature consists of a curved, strongly com- 
pressed furrow spine followed by a much longer, tapering, slightly 
compressed spine. This in turn is followed by 2 (sometimes 3) large 
pedicellariae with 8 long, slender jaws, more than one-half, sometimes 
two-thirds the length of the subambulacral spine. The outer pedi- 
cellaria is situated, as a rule, upon an actinal intermediate plate, of 
which a single series is interpolated between the inferomarginal and 
adambulacral plates. Barely, at the base of the ray there are 3 adam- 
bulacral spines, the outermost much smaller than the principal spine. 
In addition there are several small spinelets along the transverse mar- 
gins of the plate. Koehler (19106, p. 267) records 8 or 4 adambula- 
cral spines on 2 specimens from Aru, and from 1 to 8 pedicellariae. 
The Misaki specimen alluded to above has 2 adambulacral spines 
(rarely 3), followed by 3 or 4 conspicuous pedicellariae. The num- 
ber of adambulacral spines is therefore variable. The pedicellariae 
of the Palawan specimens are narrower at the base, consequently 
longer in proportion to width than are those of the Misaki specimens. 

The number of inferomarginal spines is proximally 4 (sometimes 
3), the 2 innermost decreasing in size along the ray. The innennost 
spine is reduced to an inconspicuous spinule very soon, while tho 
next persists for a variable distance, there being usually on the outer 
half only 2 prominent spines, the 2 outer ones of the proximal 
half. Between these two there is often 1 or 2 prominent pedicellariae,. 
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with 2 or 3 jaws similar in form to those of the adambulacral plates, 
but only about two-thirds as long, and a trifle stouter. In the Misatd 
specimen the inf eromarginal pedicellariae are fewer and only about 
half or less than half the length of the larger adambulacral pedi- 
cellariae. 

The specimen from the Tawi Tawi Islands is young (R equaling 36 
mm.), but more typical in appearance. The paxillae are quadrate, 
close-set, and there are 3 adambulacral spines, followed by a large 
pedicellaria, which, however, belongs to the actinal intermediate 
plate. This pedicellaria is not .present beyond the middle of ray. 
Inferomarginal spines, generally 2. 

The Palawan specimens diflFer, therefore, from typical L. macukk 
in having smaller, roundish paxillae with fewer spinelets, and in hav- 
ing prominent auperomarginal pedicellariae. Specimens from numer- 
ous Philippine localities must be examined before the status of these 
variations can be satisfactorily determined. 

Tf/pe, — In the Museum of Leyden (Miiller and Troschel). 

Type-locality. — Japan. 

Dktmhution. — Japan; Macclesfield Bank; Philippine Islands; 
Singapore; Malacca; Mergui Archipelago; Andaman Islands; India 
(Coromandel, Tuticorin, Madras, Bay of Balasore, Ceylon) ; Mozam- 
bique: Java Sea; Aru Islands; Torres Straits. 

Specimens exarmned. — Three, 

Station 5164, 8 miles northeast Observation Island, Tawi Tawi 
Group, Sulu Archipelago, 18 fathoms, green mud; 1 specimen. 

Station 5346, Malampaya Sound, Palawan (10*^ 50' 30'' N.; 119' 
22' 20" E.), 7 fathoms mud; 1 specimen. 

LUmiA SAVIGNYI (Aadouln). 

AsteiHas snrignyi Ax^douin, Description de V figypte, Echlnodermes, 1S09. 

p. 209, pi. 3. 
Luidia savignyi Gbay, 1840, p. 188.— Pkbrikr, 1875, p. 340. 
Tjiiidia sarignii (part) Miiller and Troschel, 1842, p. 77. For description 

and bibliography see Perrier, 1875, p. 340; De Lorlol, 1885, p. 72; Koehler, 

1910a, p. 10, pi. 1, fig. 5, pi. 6, fig. 3. 

A small seven-rayed specimen is referred to this species. There 
is little doubt thatMt represents true L. savignyi^ although there ar« 
as yet no adambulacral pedicellariae. R=27 mm., r=5 mm. Adam- 
bulacral spines 3, or sometimes 4, there being a spine out of line 
(adorally) between the second and third spines. The abactinal 
spines are very stout. Koehler (1910a, p. 10) gives excellent critical 
and descriptive notes, and a photographic figure of the abactinal 
surface of a specimen from the Andaman Islands and of another 
from Mauritius. 
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The specimens recorded from Portuguese East Africa by Simpson 
and Brown (1910, p. 49) as Z. (upera probably belong to this species. 
They have 7 rays. L. savignyi is not mentioned by the authors cited. 

Type-locality. — ^Red Sea. 

Distribution, — ^Red Sea ; east coast of Africa ; Mauritius ; Andaman 
Islands; Sulu Archipelago; Philippine Islands. 

Specimen examined. — Station 5159, Tinakta Island, Tawi Tawi 
Group, Sulu Archipelago, 10 fathoms, coral sand. 

LUIDIA ASPERA Sladea. 

Luidia aspera Sladen, 1889, p. 248, pi. 43, flg^s. 1 and 2 ; pi. 45, figs. 9 and 10. 

The single specimen is small (B=46 mm.) and has 8 rays. Koeh- 
ler (1910a, p, 15) remarks that L. aspera is very close to L. savignyi^ 
and that the differences between the two species concern the number 
of inferomarginal spines, and the number of rays (7 in savignyi^ 8 to 
10 in aspera). It seems to me that the two species are extremely 
close. I regret that there is not adequate material to throw more 
light upon their relationship. 

In the Sulu specimen the spine-bearing paxillae (irregularly dis- 
tributed in 3 series on either side) are separated by 2 rows of plain 
paxillae from the inferomarginal plates, except at the base of the 
ray, where 3 are present, as in Sladen's type. There are 3 well-devel- 
oped adambulacral spines in a transverse series, the middle the long- 
est, followed by 1 large pedicellaria having 3 (occasionally 2) slender, 
sometimes narrowly spatulate, jaws, over half (often three-fourths) 
as long as the longest spine. There are conmionly 3 prominent in- 
feromarginal spines,, with or without a small spine at inner end of 
plate; or 2 prominent spines followed by 2 smaller spines. In the 
type there are 4 to 6 in a transverse series. The smaller number of 
marginal spines and the absence of a second adambulacral pedicel- 
laria in my specimen may well be due to its immaturity. 

The record of L. aspera from Portuguese East Africa (Simpson 
and Brown, 1910, p. 49) probably refers to L. savignyi^ as mentioned 
under that species. 

Type, — ^In British Museum. 

Type-locality. — ^Not stated definitely; description based on speci- 
mens from off Zamboanga and Tablas Island, Philippine Islands, 
10 to 115 fathoms, and from north of Admiralty Island, 150 fathoms. 

Distribution. — ^Philippine Islands, Admiralty Island; 9 to 150 
fathoms, green mud, coral mud, coral. 

Specimen examined. — Station 516o, off Observation Island, Tawi 
Tawi Group, Sulu Archipelago, 9 fathoms, coral. 
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LUIDU AVICULAKU Fiaher. 

Plate 48, fig. 1 ; plate 44, fig. 2 (see also plate 44, fig. 8, L. moroitwma) ; 

plate 46, figs. 2, 2a-o. 

Luidia avicularia Fisheb, 1918c, p. 203. 

Dioffnosis. — Very closely related to Z. Integra Koehler, which it 
resembles in general appearance but from which it differs in the 
following particulars: Scattered spinopaxillae among the normal 
paxillae of the 8 dorsolateral series; superomarginal and abactinal 
paxillae with small two-jawed pedicellariae ; central spinelets of 
superomarginal and abactinal paxillae, sharp, longer than thick, not 
granulif orm ; inf eromarginals encroaching conspicuously upon abac- 
tinal area and with marginal spines varying from 2 to 6; infero- 
marginal pedicellariae present on some of the plates; the character- 
istic furrow pedicellariae, proximally with dorsal jaw curved over 
end of the slightly curved ventral jaw; proximal adambulacral plates 
with generally more than 8 spines, and more than 1 subambulacral 
pedicellaria, pedicellariae sometimes replacing the spines; gener- 
ally 2 large dental pedicellariae, directed over the peristome. Rays 
10. R=195 mm., r=18 mm., R=10.5 r; a shorter ray, R=175 mm.; 
breadth of ray at base, 18 mm. ; breadth 15 mm. from base, at widest 
part, 17 to 18 mm. Ray gradually tapering, blunt, abactinal surface 
slightly convex. 

Description. — ^The most important abactinal feature in which avi- 
cularia differs from Integra is in the presence of relatively few, 
central, sharp spines (smaller than those of the superomarginal 
plates) on the 3 dorsolateral regular rows of paxillae, the rather 
more rounded contour of the latter, and the presence on many of the 
paxillae (both superomarginal and abactinal) of a small two-jawed, 
spiniform pedicellaria. On the abactinal plates the pedicellaria is 
generally marginal and about as long as the peripheral spinelets. 
On the superomarginal paxillae (where 2 pedicellariae are occa- 
sionally present) it frequently is found at the outer adoral comer, 
or near the proximal rather than the distal transverse margin. 
The armature of the center of the tabulum consists of upward of 
15 sharp, short spinelets (not granules) surrounding, without d^- 
nite order, the stout, sharp central spinule, which varies in length 
from a little longer to a little shorter than the width of paxilla 
crown. The peripheral spinelets are slender and upward of 80. 
Another c^fference, rather striking, but possibly not constant, is the 
fact that when viewed from above the inf eromarginals f onn a broad 
border to the abactinal area, often equaling the combined width of 
the 2 adjacent series of paxillae. I am inclined to think this is 
constant and due to the more arched inferomarginals. The upper 
end of the inferomarginals, judging by Koehler's photographic fig- 
ures, are not at all conspicuous in Integra. 
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The inferomarginal plates have a strong crest or ridge and en- 
croach narrowly upon the actinal surface. Their armature is less 
constant than in Integra and varies from 3 to 6 spines, but is 
usually either 8 or 4, less commonly 5, rarely 6. Sometimes there 
are 8 large, spaced spines, increasing in length toward the outer 
(which equals 2.5 or 3 plates in length) ; sometimes 2 shorter internal 
spines are followed by a pair of larger, more widely spaced spines ; 
again, 1 or 2 small inner spines are followed by 2 (or 3) larger^ 
the upper end of the plate being occupied by 1 or 2 abruptly smaller 
spines (4 to 6 in all). On the outer part of the ray there are 
usually 3 spines, and near the tip 2, only. A number of plates^ 
especially adorally, have 1 or 2 two-jawed pedicellariae near the 
loiddle of the adoral margin of the crest, varying in size but smaller 
than the large subambulacral pedicellaria. These are lacking in 
integra. 

A single series of actinal intermediate plates is present, which 
beyond the twelfth or thirteenth inferomarginal bear no spinelets 
or pedicellariae; the proximal ones bear a tuft of slender spinelets. 

Beyond the basal fourth of the ray the adambulacral armature 
consists of 8 spines (often 4, rarely 5) in a transverse series, the 
median usually the longest, with a large two-jawed, slender, taper- 
ing pedicellaria just adorad of the outer spine and another very 
slender one under the saber-shaped furrow spine, much as described 
by Eoehler for Integra. The subambulacral pedicellaria is lacking 
on the outer two-fifths of the ray, its place being occupied by 1 to 3 
small, slender spinelets. On the basal fourth of the ray the arma- 
ture is not so uniform. First, in the furrow is the peculiar slender 
pedicellaria, oriented as described by Koehler, one valve dorsal, 
the other ventral. The dorsal valve (the lower, as viewed with 
specimen on its back) is the longer and is frequently curved over 
the end of the ventral, which is itself slightly curved, the pedi- 
cellaria resembling, perhaps a bit fancifully, the beak of a pro- 
cellariform bird in miniature. Next comes the strongly compressed, 
curved furrow spine proper, followed by a still longer, compressed 
spine, or, not infrequently, by 1 or 2 long two-jawed pedicellariae, 
in its place. Following this is sometimes the normal third spine,^ 
here the longest, with its adoral large pedicellaria, or 2 large pedi- 
oellaiiae, accompanied by 2 or 3 unequal slender spinelets or even 
1 or 2 small two-jawed slender pedicellariae on the adoral edge 
of plate. Instead of the single third spine there may be 2 in a 
longitudinal series, or a triangular group of 3, with or without 
the large pedicellaria. Sometimes there are 5 spines in a trans- 
verse row, with 1 or more pedicellariae adorad to them. Ap- 
parently any of the spines, except the true furrow spine, may have 
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a pedicellaria substituted for it, all of which affords a great variety 
to the armature of the proximal plates. The figures will give a 
better idea than description of the relative size of the pedicellariae 
and spines of typical plates. Even here there is variation in the 
size of the pedicellariae and relative lengths of the 8 or 4 spines. 

The jaws are very narrow, and the pair form a sort of crest, 
along the top of which, bordering the median suture, are upward 
of 20 spines to each plate, increasing very rapidly in length toward 
the innermost, which is two-thirds as long as the interradial length 
of the plates. On the true, short margin, facing actinostome, are 
often 2 large two- jawed pedicellariae with a spine or two between 
them, that which is under the above-mentioned long superficial 
spine having jaws slender and half the interradial length of the 
plate, or slightly more. The lateral pedicellaria is smaller — one- 
third to two-thirds the length of the larger one. These pedicellariae 
are not present in integra. 

Anatomdcal notes. — ^The gonads extend in a series of distinct 
tufts far along the ray, and each gonoduct opens on the inner proxi- 
mal angle, between the processes of the base of the paxillae ad- 
jacent to the superomarginal. The paxillae of the 3 regular dorso- 
lateral series have a cruciform base, either transverse process being 
a little longer than the 2 longitudinally directed ones, but the 
superomarginals are more nearly lozenge shape, longer than wide, 
with sometimes 2 processes on the side next to the adjacent paxillae. 
The median small paxillae have 3 or 4 short lobes, irregularly 
placed. 

Type.— Cat No. 32624, U.S.N.M. 

Type-looaUty. — Station 5891, between Samar and Masbate (lat. 
12° 18' 16" N.; long. 124° 05' 08" E.), 118 fathoms, bottom un- 
recorded ; 1 specimen. 

DistribtUion, — ^Known only from the type-locality. 

Remarks. — Liiidia Integra Koehler (1910a, p. 18; pi. 2, figs. 5-8) 
was taken by the Investigator off the Andaman Islands (lat. 18° 06' 
N.; long. 93° 08' E.), 60 to 75 fathoms. Z. avicularia very closely 
resembles it, and is evidently what is sometimes called a representa- 
tive species. As only one specimen of each species is known, some 
of the differences enumerated in the diagnosis may not prove to be 
constant. 

I have been able to compare the type of avicularia with an excel- 
lent example of L. moroisoana Gbto, from station 8789, Sagami Bay, 
Japan, 55 to 65 fathoms, volcanic sand, shells, rocks. This specimen 
is in the United States National Museum, and a portion of the ab- 
actinal surface, enlarged, is figured on plate 44, figure 3. The two 
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species, although greatly resembling one another, appear to be en- 
tirely distinct. Their characters are contrasted below : 



t^vioidaria. 

Color, in alcohol, yellowish — a faded 
yellow-ochre. 

Snperomarglnal spines inconspica- 
oua, the series interrupted and the 
spines short, very unequal, usually 
less than half the length of the adja- 
cent inferomarginal spine, and less 
than 1.5 the breadth of the pazillar 
crown in length. 

A second longitudinal series of ab- 
actinal spines not present except near 
tip of ray. with a few scattered spines 
proximally, which are much less con- 
spicuous than in moroUoana. 

Paxil I ae of rays more open, the cen- 
tral spinelets distinctly splniform, and 
all spinelets longer. 

Largest paxilla from radial region 
at very base of ray with 10 to 15 
slender spinelets, only slightly stouter 
than the peripheral, the latter equal 
in length to about one-half the width 
of tabulnm. 

Furrow pedicellariae usually curved 
at the tip, the Jaw nearer the bottom 
of furrow being the Umger, and often 
curved over the end of the other. Just 
the reverse of the condition of moroiio- 
ana. 



moroisoana. 

CJolor, in alcohol, a sort of pinkish 
brown or sepia, with a violet shade. 

A definite, conspicuous, uninterrupted 
row of sharp, acicular, superomarginal 
spines, each spine more than half the 
length of the adjacent (longest) in- 
feromarginal spine, and length 1.5 to 
2 times the breadth of the superomar- 
ginal paxilla r crown. 

A second conspicuous longitudinal 
series of spines, much interrupted, be- 
tween which and the superomarginal 
spines is a single series of unarmed 
paxillae. 

Paxlllae more compact, the central 
spinelets distinctly ffranuliform, and 
nil spinelets shorter. 

Largest paxillae from radial region 
at very base of ray, with 8 to 10 
mostly 8, central, acorn-shaped gran- 
ules, much stouter than the 20 or more 
peripheral spinelets, which in length 
are less than one-third the width of 
the tabulum. 

Furrow pedicellariae usually with 
straight Jaws, that nearest the bot- 
tom of furrow often slightly the 
shorter. (Goto, 1914, flg. 101.) 



LUIDU GT MNCCH 



Plate 42, figs. 1, 2 ; plate 44, figs. 4, 5 ; plate 46, figs. 1, Ith-d. 

Luidia gymnochora Fisher, 1913c, p. 204. 

Diagnosis. — Related to Luidia denudafa Koehler, but differing in 
having constantly 11 rays; prominent, central, two-jawed paxillar 
pedicellariae, together with several small two- jawed pedicellariae on 
the sides of the pedicels, superomarginal and dorsolateral spino- 
paxillae distally; with the transverse processes of the regular 
paxillae longer than the longitudinal (the reverse in denudata) ; 
frequently 3 or 4 inferomarginal spines ; 1 to 5 inferomarginal pedi- 
cellariae; inferomarginals broader actinally, the intervening naked 
places much wider than long, and elliptical to oblong in form ; 1 or 
2 pedicellariae on the actinal intermediate plates; no slender fur- 
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row pedicellaria beyond a few plates at base of ray, except rarely 
and sporadically; second furrow spine compressed; several sub- 
ambulacral pedicellariae, the principal one situated adorad of the 
second and third spine; rays 11. R=280 mm., r=33 mm.; breadth ' 
of ray at base 22 mm., a short distance beyond base 28 mm.; rays 
deciduous and usually imperfect, the tips being in the process of 
regeneration or absent; many rays are broken into 2 or 3 pieces: 
rays thin, plane, with very widely open, shallow ambulacral fur- 
rows; tube feet long, sometimes reaching to the margin, and with 
a small conical button at tip ; skeleton loose, dorsal integument thin. 

Description. — ^Paxillae of disk rather more closely placed (espe- 
cially in the middle) than on rays. Each consists of a rather slender 
shaft (slenderest at the middle) surmounted by a circle of 8 to 12 
very slender, sharp spinelets, about as long as the shaft, and sur- 
rounding a large central two-jawed tapering pedicellaria, which is a 
little longer than the spinelets. Seen from the side the pedicellaria 
is about 2 to 2.6 times as long as the width of the base. The joints 
are nearly of an equal width the whole length, or they taper slightly, 
or are very narrowly spatulate. Below the base of the spinelets fas- 
tened to the side of the shaft are 1 to 5 delicate, slender, blunt, two- 
jawed pedicellariae from one-half to two-thirds the length of the * 
spinelets, and frequently oriented at sight angles to the shaft. In 
the type nearly all the paxillae of the disk have the large central 
pedicellaria. They are not so numerous in a young specimen. 
The pedicellariae are entirely lacking in L. denudata. 

On either side of the rays there are 3 regular series of large 
paxillae, the outer series of which represents the superomarginals. 
Over the median part of the ray the paxillae are smaller and ar- 
ranged without definite order. Nearly all the paxillae have the 
pedicellariae described above, except in the case of regenerating tips, 
where they are much less common. On the outer half of the ray 
the central pedicellaria of the 8 regular series is replaced by a slender, 
sharp spine. This usually remains small on the median series, but 
increases in size on the other 2 series as the end of the ray is ap- 
proached. It augments in size more rapidly on the inner series 
and attains a length of 5 to 10 times the height of the here much- 
shortened pedicels. These distal spinopaidllae are quite constant, 
although occasionally a paxilla will lack a spine, or the length of 
the spines will vary. Many of the other paxillae of the distal fourth 
of the ray have the pedicellaria replaced by a spine, but the latter 
does not surpass the other spinelets enough to become conspicuous. 
These spinopaxillae are not present in denudata. 

The regular paxillae have regularly f our-lobed or cruciform bases, 
the transverse lobes being longer than the longitudinal ones (the 
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reverse in denvdata). The papular areas are nearly square and not 
oblong as in deniidatd. The superomarginals are without external 
transverse lobes, being fastened directly to the inferomarginals. Be- 
tween the 2 triple ranges of regular larger paxillae, the plates have 8 
or 4 usually unequal lobes which overlap a trifle, just touch, or fail to 
touch by a narrow interval. This causes the dorsal skeleton to be 
very flexible. The papulae extend to very nearly the tip of ray, and 
are compound, consisting, when fully developed, of upward of 80 
slender coeca, branching from a common base, and reminding one 
of a coral fungus in miniature. One compound papula occupies an 
area, the latter being irregular in shape on the median region of ray. 
The inferomarginals have the form of those of demtdatay but the 
ventral apophysis, which meets the intermediate plate, and by means 
of it is joined to the corresponding adambulacral, is decidedly longer, 
so that the prominent naked spaces (covered by thin integument) 
which separate consecutive inferomarginal plates are much wider 
than long, and in shape are elliptical, elongate-oval, or oblong with 
rounded corners. In den/udata the sQiape is that of an equilateral 
triangle with rounded angles. Yentrally each inferomarginal forms 
a low crest, but is produced laterally into a thin ridge, with a 
rounded outer free surface. This ridge, which separates wide f as- 
ciolar channels, corresponds to the shaft of one of the abactinal 
paxillae, while the homologues of the four basal lobes are readily 
traced, the ventral apophysis spoken of above being one. Consecu- 
tive plates are joined by 2 longitudinally directed lobes, while the 
fourth is very £^ort or wanting where the plate is closely joined to 
its corresponding superomarginal. The exact form of the plates 
and the dimensions may best be gathered from the figures. The 
summit of the lateral crest bears 2 large spines, the outer the longer, 
and equaling about 8 plates in length. One or 2 shorter and slen- 
derer spines stand in line with the above on the ventral surface, and 
dorsal to the large spine are 8 to 12 slender, unequal spinules. 
Numerous spaced similar spinules surround the main spines and are 
continued along the ventral surface. Each plate bears from 1 to 5 
unequal, rather slender two- jawed pedicellariae, the largest of which 
frequently stands on the inner extension of the plate, while other 
small ones are found on either transverse margin of the crest, near 
the second (lower) lateral spine, or between that and the third. 
The pedicellariae are lacking in denudata^ which has only 2 infero- 
marginal spines. 

The actinal intermediate plates are much wider than long, and 
each is truncate where joined to the inferomarginal, but the inner 
end which overlaps the adambulacral is rounded and narrower than 
the outer. Except on the outer third or fourth of ray, nearly all 
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the plates bear 1 or 2 (rarely 3) two-jawed pedicellariae, similar to 
the subambulacral and inferomarginal pedicellariae. The second 
pedicellaria is usually considerably smaller than the other, which is 
about as long as the transverse diameter of the plate. The plates 
are armed also with 2 to 6, but sometimes upward of 10, very slender, 
fairly long, spinelets about as large as those of inferomarginal 
plates. The pedicellariae are lacking in denudata. 

Except on the first 8 to 12 plates at base of ray, the characteristic 
furrow pedicellaria of denudata occurs very rarely in the type, but 
in specimens from stations 5402 and 5406 it occurs more frequently, 
at least on some rays. At best its occurrence is sporadic. The 
pedicellaria is very slender and resembles a compressed tnmcate 
furrow spine, the thin jaws being oriented distal and proximal, or 
at right angles to the pedicellaria of avicularia. It is about two- 
thirds the length of the furrow spine. 

The adambulacral armature consists of a transverse series of 3 
rather long spines, increasing in length outward, the inner 2 being 
compressed. The outer is occasionally a little out of line, being 
crowded by a large two-jawed slender pedicellaria on its proximal 
side, or opposite the interval between the second and third spines. 
One or two small pedicellariae are usually found just adorad of the 
above, while another is sometimes present just external to the outer- 
most spine, along with 2 or 3 delicate spinelets. This outer pedi- 
cellaria varies greatly in size. At the base of the ray the spines 
are very compressed and form a vertical series between tite tube feet, 
the outer spine only being bent away. Here there are usually 2 or 
3 large subambulacral pedicellariae, with several small ones at 
their base. Also the proximal plates frequently have the furrow 
pedicellaria. It resembles a supernumerary compressed bladelike 
furrow spine below the regular spine. As in Z. avicularia^ the 
armature at the base of ray is variable and not typical of most of the 
adambulacral plates. On the outer third or fourth of ray, or even 
over a greater extent of the distal region, the subambulacral pedi- 
cellariae are lacking, there being 8 spines in a transverse series, 
with a few (2 or 3) slender spinelets standing just adorad of the 
outer spine. The armature differs from that of denudata in lacking 
usually the furrow pedicellaria, in having the second spine strongly 
compressed, not terete, and in having a characteristic pedicellaria 
adorad of the third spine, or the second and third, in addition to 
1 or more smaller accessory pedicellariae. In denudata the only 
subambulacral pedicellaria is situated external to the external spine, 
where, in gymnochora^ a small or medium-sized pedicellaria is often 
present. 

The armature of the mouth plates consists of (1) a superficial 
series bordering the median suture, consisting of 8 to 12 spines and 
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spinnles, the 2 innermost long and stout, followed by a number of 
small spinelets and two-jawed pedicellariae, the outer end being oc- 
cupied by slender spinules of intermediate length. Sometimes there 
are 3 inner enlarged spines or the second may be replaced by a longy 
slender, 2-jawed pedicellaria. (2) At the inner end of plate ex- 
tending over the peristome, and near to it is a horizontal fan con- 
sisting of a long "tooth," a long two- jawed pedicellaria, and at the 
mouth of furrow another smaller spine, at the base of which is some- 
times a small pedicellaria. Sometimes this series consists of the tooth 
and 2 or 3 pedicellariae, several variations occurring, (8) Near the 
inner end of the plate on its sloping face is an intermediate series of 
3 (sometimes 4) prominent compressed spines, or a pedicellaria and 
2 spines. These spines e3rtend over the mouth of the furrow and 
form a series with the innermost superficial spine (which is directly 
back of the enlarged tooth). 

Color in alcohol: Bleached yellowish, the epidermis of the abac- 
tinal surface, beneath the paxillae, bleached brown or a decided 
burnt sienna. 

The gonads extend in a series of tufts to the end of the ray. The 
series underlies the row of paxillae adjacent to the superomarginals. 

Variations. — ^The most important variations have been mentioned 
m the foregoing description. I notice that in the specimen from 
station 5404 the outer or principal subambulacral spine is occasion- 
ally replaced by a pedicellaria, beyond which is another, correspond- 
ing to the subambulacral pedicellaria of denudata^ making a series 
of 2 spines and 2 pedicellariae. The width of the naked spaces be- 
tween the inner ends of the inferomarginals is subject to slight 
variation. They are, however, always broader than long. Speci- 
mens from the deepest water (stations 5189 and 5406) have slightly 
slenderer pedicellariae than the type. 

Yoyng. — ^A specimen with R 86 mm. (station 5406) is character- 
ized by having less numerous pedicellariae than the adult or large 
specimens. The actinal intermediate plates have a pedicellaria at 
the base of the ray only, furrow pedicellaria is absent, and beyond 
the middle of the ray there are no subambulacral pedicellariae ; the 
proximal plates have a single pedicellaria adoral to the outer spine. 
The inferomarginal pedicellariae are restricted to 1 or 2 on the 
proximal plates only. 

Type.— C9,t. No. 32625, U.S.NJkL 

Type-locaUty. — Station 5409, between Cebu and Leyte, 20.8 miles 
southeast of Capitancillo Light, Cebu, 189 fathoms, green mud; 1 
specimen. 

Distribution. — Philippine Islands (vicinity of Negros, Cebu, and 
Leyte), 188 to 300 fathoms, mud. Temperature range, 55.4** to 
62.8° F. 
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Specimens examined. — Six, the type and 5 from the following 
Philippine localities: 

Station 5189, Tanon Strait, east coast of Negros, 300 fathcnns^ 
^een mud, bottom temperature 62.8^ ; 1 specimen. 

Station 5402, near type-locality, 188 fathoms, green mud, bottom 
temperature 55.8*^; 1 specimen. 

Station 5401, 6.8 miles northwest Ponson Island, DupoiP Bay, 
Leyte, 190 fathoms, mud, bottom temperature 55.4** ; 1 specimen. 

Station 5406, same locality (10.2 miles northwest Ponson Island), 
298 fathoms, mud; 2 specimens. 

Remarks. — L. gymnochora — ^the name referring to the bare spaces 
between the inferomarginals — shows a great resemblance to Z. 
denvdata Koehler from the Coromandel coast, India, 183 fathoms. 
This resemblance concerns not only the superficial appearance, but 
the structure of the skeleton, including the form of the paxillae. 
As enumerated in the diagnosis there are a number of important 
differences, chief among which are the broader inferomarginals of 
gyrrmochora^ the broader dorsolateral paxillar bases, broader actinal 
bare spaces, and the presence of numerous abactinal, inferomarginal, 
actinal intermediate, and subambulacral pedicellariae. 

The looseness and flexibility of the skeleton, along with the rela- 
tively large size of the tube feet suggests that this form can swim. 
It would be interesting to know if the tip of so many rays has been 
lost in an effort to escape from enemies or from actual attacks of 
other animals. 

Family ARCHASTERIDAE. 

Genus ARCHASTER Miiller and Troschel. 

Archa%ter MOlucb and Tboschel, 1840a, p. 104. 

ARCHASTER TYPICU8 MttUer and TroMhd. 
Archaster iypicus MthxEB and Tboschel, 1840a, p. 104. 

About 900 specimens were taken at the following localities : 
Point Jamelo, Luzon, with seine, 3. 
Nasugbu, Luzon, reef, 5. 
Subig Bay, Luzon, shore, 31. 
Santiago River, Pagapas Bay, Luzon, 3. 

Tilig, Lubang, 5 medium-sized specimens and about 800 young 
with E, 5 to 15 mm. 
Olongapo, Luzon, 2. 
Sablayan, Mindoro, tide pool, 1. 
Bomblon Island, east of Tablas Island, shore, 16. 
Pandanon Island, between Cebu and Bohol, 2. 
San Pascual, Burias, tide pool, 3. 
Busin Harbor, Burias, shore, 8. 
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Cuyo Island, west of Panay, 2. 

Verde del Sur Island, Palawan, 2. 

Makes! Island, Palawan, 8. 

Caxisigan Island, Balabac (southwest end of Palawan), 7. 

Linapacim Island (north end of Palawan), 5. 

Morcielagos Bay, Mindanao, 10. 

Opal, Mindanao, 1. 

Parang, Mindanao, shore, 1. 

Capunuypugan, Mindanao, 2. 

Zamboanga, Mindanao, Dr. E. A. Meams, 2. 

Mantacas Island, west coast Piohol, shore, 4. 

Cagayan Sulu Island, Sulu Sea, 2. 

Sandakan Harbor, Borneo, 3. 

Papatag Island, Tawi Tawi Group, shore, 4. 

Simulac Island, Tawi Tawi Group, 8. 

This species is widely distributed over the Pacific and Indian 
regions. Although Sladen records Archaster cmgulatus and not 
A. typicua from the Philippines, the latter appears to be the com- 
moner form. No specimen of angtdatus was taken by the 4^^<^^^os8 
at the shore stations, and only one was dredged, as recorded below. 
These specimens seem to be typical. Some specimens have a vari- 
able number of superomarginal spines and some lack them entirely. 

ABCHASTEB ANGULATUS IHItor and TrMdwl. 

Plate 45, fig. 8. 

Archaster anffulatus MtJLUEB and Tboschel, 1842, p. 66.— P. de Lobiol» 
1385, p. 78, pL 22, fig. 2. 

This species may be readily distinguished from A. typicua by the 
presence of 2 or 8 enlarged squamiform spinelets at the outer end 
of the inf eromarginal plates in place of the single prominent lateral 
flattened spine of typicus. The specimen collected by the Albatross 
18 small, and the rays are decidedly slenderer than in typicus. The 
soperomarginals encroach conspicuously upon the abactinal area — 
a condition which is not true of large specimens of typical (mgulatus. 
There are no signs of any superomarginal spines. At the outer 
aboral comer of the inferomarginal plates 2 to 4 spinelets are en- 
larged and become squamiform, but none is prominent. The me- 
dian radial row of paxillae is very regular. The first adambulacral 
plate has 6 furrow spinelets, the next 8 have 4, and the rest have 8. 
The proximal plates usually have 2 longitudinal series of subambu- 
lacral spinelets: In the first row, 8, or 2 and a two-jawed equally 
long pedicellaria between them ; in the outer row, usually 2 spine- 
lets, 1 at each outer comer of the plate. A difference in the num- 
ber of paxillar spinelets is also noticeable, a fairly large lateral 

13484— BuU. 100—19 13 
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paxilla having 1 to 4 central and 8 to 10 peripheral spinelets, while 
a proximal radial plate bears 8 or 9 central and about 15 peripheral 
spinelets (in addition (Occasionally to an equally long tapering spini- 
form pedicellaria). In fully grown examples of typtcus from 
Samoa corresponding lateral paxillae have 6 or 7 spinelets only 
(usually all peripheral) and the median radial 7 or 8 (occasionally 
1 central). The measurements of the specimen are: K = 32 mm., 
r = 6 mm., B = 5.3 r; breadth of ray at base, 7 mm. 

Type-locality. — ^'^ Java; Isle de France." 

Diatribution, — ^Mauritius, Java, Philippine Islands, Port Darwin; 
Torres Strait; Freemantle, W. Australia; New Guinea; Fiji Islands 
(Studer). 

Specimen exwmmed. — Station 5165, off Observation Island, south- 
west end of Tawi Tawi Island, Sulu Archipelago, 9 fathoms, coral; 
1 specimen. 

Family BENTHOPECTINIDAE Verrill. 
Genus PECTIN ASTER Perrier. 

Pectinaater PmumEB, Ann. set nat, vol 19, 1886, p. 70. Type, P. fOhoU 
Perrier. 

KEY TO THB 8PBCIB8 AND SUBSPBCIBS OF PBCTINA81BB HBBBIN DB8CBIBBD. 

o^. Central spine of paxillae absent from a narrow area at either side of paxillar 
area of ray ; 15 to 18 adambulacral plates correspond to first 10 inf eronuu> 
ginals ; marginal spinelets fewer, a bare space on the central part of mar- 
ginal plates. 
b\ Spinelets accompanying abactlnal spines not greatly reduced In num- 
ber on middle and distal portions of ray; marginal spines moder* 

ately robust mimicuSt p. 182. 

h\ Abactlnal plates of ray with very few spinelets accompanying the 
spine (1 to 4, dlstally, 0) ; marginal spines robust. 

palatoanenais, p. 186. 
a\ Central spine of paxillae distributed abundantly all over abactlnal area ; 18, 
rarely 14, adambulacral plates to first 10 inferomarglnals ; marginal spines 
more numerous, no well-defined bare space on the plates. 

hylacanthfu, p. 187. 

PECTINA8TER MACICUS (Sladea). 

Plate 49, fig. 1. 

Pontaster mimicus Sladbn, 1889, p. 48, pi. 4, figs. 1 and 2; pi. 7, figs. 

6 and 6. 
Pectinaster mimicu8, Pebbixb, 1894, p. 279. — ^Ludwig, 1910, p. 449. — Fishes, 

1911tf, p. 126. 

Notes on specimens. — I have experienced great difficulty in apply- 
ing a name to these specimens, there being three in the field which 
might prove to be applicable : P. mimicus^ P. hispidics (Wood-Mason 
and Alcock), and P. forcipatus^ var. echincUus (Sladen). Wood- 
Mason and Alcock do not state definitely wherein their species differs 
from P. mimicus. According to Ludwig, 1910 (p. 450), mimicus 
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has the abactinal spines on the disk and along the median portion 
of the ray (as stated by Sladen), while in hdspidus the spines are all 
over the abactinal surface The first has pe(li(^llariae on the inter- 
radial areas only, while in the second they may occur on the mar- 
ginal and abactinal plates. Both have 5 to 7 furrow spines and 
15 adambulacrals corresponding to the first 10 inferomarginals. 
Wood-Mason and Alcock state, however, that the abactinal spines 
occur numerously on the disk and cUong the central axis of ray* 
They record intermarginal pedicellariae. These occur, in variable 
nnmbers, in the Albatross specimens from stations 6606, 5608, 5609, 
5668, but not in those from stations 5630, 5660, and in 2 examples 
from 5608. 

In the Albatross specimens the abactinal spines are absent or else 
Tery few and widely scattered on the lateral portions of the paxillar 
area of ray, but apparently a little more widely distributed than 
in Sladen's tjrpe, apd apparently a little less than in Ludwig's con*' 
ception of hispzdas. However, in some specimens their distribution 
just about coincides with that in Alcock's figure of kispidus (1894, 
Echinoderms, pi. 2, fig. ha). This character is slightly variable. 

I have not used the name Mspidus for these specimens, although 
the abundance of pedicellariae in some of the examples would seem 
to indicate their close alliance if not identity with that form, be- 
cause the occurrence of pedicellariae is subject to great variation 
and also because Wood-Mason and Alcock state that the marginal 
plates are closely covered with capillary spinelets. In the Albatross 
specimens the spinelets are more spaced, as desciribed for mdmicus. 
Likewise the Albatross specimens are from i^rer the type-locality 
of mifnicus. I fully agree with Koehler that the differences, so far 
as known, between kispidus and ndmicus are rather subtle. 

The following table indicates some of the variations in the speci- 
mens examined : 
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The large specimen from station 6680, it will be noted, has pedicel- 
lariae only on the actinal interradial areas. It is of a stouter build 
than the other specimens, the marginal spines being very robust 
This, and to a less extent the specimen from station 5660 (also 
from a lesser depth than the majority of examples), resemble the 
form called ^Pontcuter foroipatusj var. ecMnata^^ by Sladen. The 
stouter habit may be correlated with the difference in depth. 
Koehler also notes a similarity to echinatus in some of his speci- 
mens of hispiduB (1909, p. 12). It would be interesting to know if 
these specimens are likewise from shallower water (stations 260 and 
817, 480 and 590 fathoms). 

The number of adambulacrals to the first 10 inferomarginals 
varies in full-sized specimens from 15 to 18, but 16, 16|, or 17 is the 
usual number. 

The abactinal paxillae conform to the figures and descriptions of 
Sladen, except that in specimens from stations 6609 and 6668 a few 
abactinal pedicellariae are present. These are found on the disk or 
base of rays and have 2 to 4 short jaws, thicker than the paxillar spine- 
lets. Beyond the interbrachial arc the marginal plates have a 
<^nsiderable area around the spines in which the spinelets are 
irregularly and widely scattered. There are sometimes 2 accessory 
inferomarginal spines at the base of the ray. The inferomarginal 
pedicellariae, usually 1 but occasionally 2 to a plate, are subcir- 
cular and opcur on the suture between the inferomarginal and adam- 
bulacral plates (with most of the spinelets on the former) or on 
the inferomarginal close to the lower edge. There are usually 4 to 
stout, tapering, poiiited jaws, much stouter than the neighboring 
spinelets. The actinal interradial pedicellariae stand on 1 or 2 
plates, and when well developed have 7 or 8 jaws. They are usually 
subcircular, but sometimes assume a double-pectinate form, more 
as in Cheira8ter^ but retain the stout jaws. In Cheiraater the jaws 
of the pedicellariae are relatively slenderer. 

On the outer part of the ray (sometimes for as much as the distal 
half) the adambulacral plates have a second smaller upright spine, 
situated between the principal subambulacral spine and the furrow 
margin. It occasionally nearly equals the principal spine in size, and 
seems to be, morphologically, an aboral furrow spine which has 
moved onto the surface of the plate. This spine is not mentioned by 
Sladen, but it might be easily overlooked. 

The dorsal muscle bands are each attached to the outer end of 
fifth ambulacral plate (specimens from stations 5609, 5668) by a 
slender rather inconspicuous tendon, once to twice as long as the 
transverse dimension of the ambulacral plate. A second very inoon- 
spicuous tendon can be traced to the seventh plate, or to one of a 
few succeeding plates. The fifth ambulacral is higher than the 
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Others. This tendon seems to be smaller than in either P. farcipatvs 
or P. evaphis. 

In P. hylacanthua the attachment of the muscle is to the sixth or 
seventh ambulacral plate, and the tendon is even less conspicuous 
than in mimicua. 

Type. — ^In the British Museum. 

Type-localUy. — Challenger station 191, Arafura Sea, northwest of 
the Aru Islands (lat. 5° 41' S.; long. 134° 04' 80'' E.), 800 fathoms, 
green mud, bottom temperature 39.5° Fahr. 

DiatribtUian, — ^Arafura Sea, Flores Sea, Strait of Macassar, and 
Celebes; recorded by Alcock and Wood-Mason from Laccadive Sea, 
1,000 fathoms.^ Including the race paZawanenaiSj to Palawan Pas- 
sage. Bathymetrical distribution 692 to 1092 fathoms. Range in 
temperature 36.3° to 89.5° F. 

Specimens examined. — ^Thirteen, from the following stations: 

Station 5606, Gulf of Tomini, Celebes (lat. 0° 16' 28" S- ; long. 121° 
83' 30" £.), 834 fathoms, green mud, 3 specimens. 

Station 6608, Gulf of Tomini, Celebes (lat 0' 08' S. ; long. 121' 19' 
£.), 1,089 fathoms, gray mud, bottom temperature 36.3° F.; 3 
specimens. 

Station 5609, same locality, 1,092 fathoms, green mud, bottom 
temperature 36.3° .F. ; 1 specimen. 

Station 5630, near Batjan Island, Molucca Islands, 835 fathoms; 
2 specimens. 

Station 5654, Gulf of Boni, Celebes, 805 fathoms, bottom not re- 
corded, bottom temperature 38.3° F. ; 1 specimen. 

Station 5660, Flores Sea (lat 6* 36' 30" S.; long. 120* 49' E.), 
692 fathoms, gray mud, sand, bottom temperature 39.2° F.; 1 
specimen. 

Station 5668, Macassar Strait (lat 2" 28' 15" S.; long. 118' 49' 
£.), 901 fathoms, gray mud, bottom temperature 38.2° F.; 2 speci- 
mens. 

PECTINASTEB MDaCUS PALAWAMEN8IS, b«v MtepMiM. 

Plate 52, fig. 8 ; plate 54, figs. 2, 2a, 

Diagnosis. — ^In general appearance, posture of superomarginal 
spine, and restriction of'abactinal spines to central axis of ray, re- 
sembling P. mimicus^ but differing in having, on the ray, much 
fewer granuliform spinelets accompanying the abactinal spines (be- 
yond fifth superomarginal reduced to 1 to 5, or sometimes, distally, 
to 0) ; in connection with thi^ difference the marginal and actinal 
q>ines are uniformly robust and there are very abundant actinal 
intermediate, inferomarginal, intermarginal, and a few abactinal 
pedicellariae; the spinelets of marginal plates are few, being reduced 

* PoMlbly referable to a dlatliict race. 
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sometimes to a single series, rather widely spaced on edge of plate*, 
and the general surface of the marginals, beyond the basal fourth of 
ray, is bare, or has only a very few widely scattered spinelets. R= 
about 95 mm., r=11.5 mm.; K= about 8 r; rays narrow, long with 
a very attenuate distal portion ; 15.5 or 16 adambulacrals to first 10 
inferomarginals. 

Description, — ^Beyond the fifth superomarginal, the central spine 
of the abactinal plates (which is generally absent from the lateral 
portions of area) is accompanied by 3 to 5 — ^very rarely more — small 
spinelets, or by only 1 or 2. Sometimes the spinelets are entirely 
lacking, especially on the distal half of the ray. In some specimens 
the reduction is more accentuated. The other plates bear 1 to 5 
(sometimes 0) inconspicuous spinelet3. The average large paxilke 
of disk and basal portion of ray bear 5 to 15 granuliform spinelets 
in a single circle around the central spine. A variable, but usually 
small, number of fasciculate and pectinate pedicellariae, with 2 to 8 
robust jaws, are scattered over disk and proximal half of ray. 

Marginal spines stout. With the exception of the first 2 to 4 
plates, the spinelets are relatively few and found mostly around 
the borders, sometimes fairly widely spaced and in a single series, 
with a few spinelets widely scattered over the general surface. The 
marginal series may even not be complete, or along the transverse 
borders 2 or even 3 series, usually irregular, may be present, with 
only 1 on the longitudinal margin. As a consequence most of the 
surface of the marginal plates is bare, and more of the surface of 
the superomarginals is unencumbered than of the inferomarginals. 
The second inferomarginal spine is stout, and on the first 2 or 8 
plates a third is often present (as in mimicus). Certain supero- 
marginals may have 2 spines, and inferomarginals 2 primary spines 
and 2 secondary, or 1 primary and 8 unequal secondary. These 
plates are irregular or inconstant in occurrence. 

Adambulacrals with a salient furrow margin and 7 to 9 furrow 
spines, very similar to the armature of the typical form. The sub- 
ambulacral spine is rather stouter than usual in rrmrdcus^ and distally 
there is a second smaller one (as in mimicus) betw^n the furrow 
margin and the principal spine. The first 2 plates in 2 out of the 
6 specimens have 2 subambulacrals. Mouth plates with 2 or 3 
stout suborals and about 6 marginal spines, in addition to a series 
of 6 along the margin of median suture. 

Pedicellariae abundant, and present: (1) Sparsely on the abactinal 
surface (pectinate and fasciculate) ; (2) in variable numbers on 
the suture separating the supero- and inferomarginal plates, both 
interbrachially and along the ray, or interbrachially only (fascicu- 
late) ; sometimes these occur near the upper edge of an inferomar- 
ginal; (3) 1 to 3 pedicellariae near the inner edge of the infero- 
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marginals or on the suture between inf eromarginals and adambula- 
crals (fasciculate), these extending usually half to two-thirds the 
length of ray; the jaws are 8 to 6, stout, flattened, pointed, blunt, or 
trancate; (4) 10 to 22 fasciculate or fasciculate-pectinate pedicel- 
lariae on each interradial area. In addition to the pedicellariaei 
which have 2 to 8 jaws, the actinal intermediate plates bear a rela- 
tively few subequal papillif orm spinelets. 

The abactinal muscle bands are attached to the outer end of the 
fifth ambulacral ossicle which is conspicuously higher than the pre- 
ceding ones; sometimes it is the fourth on one side of ray and fifth 
on the other. 

Papular areas broadly elliptical, swollen, bisected by a line pass- 
ing across ray at outer end of interradii; papular pores about 20. 

ryytf.— Cat. No. 37008, U.S.N.M. 

Type'localUff:—StsAion 5849, Palawan Passage (lat. 10"" 64' N.; 
long. 118'' 26' 20'' E.), 780 fathoms, coral sand, bottom tempera- 
ture 40.6^ F. ; 6 specimens, all more or less mutilated. 

Distributian. — ^Known only from type-locality. 

Remarks. — ^While this form is evidently very closely related to 
P. nUnUcuSy it is not at all evident whether it represents a geo- 
graphical race, or simply a local variation, because the specimens 
were all taken at a single haul. The characters sedm to call for more 
formal recognition than would be accorded them under a discussion 
of variations. 

This race, we may not unreasonably conjecture, occupies the China 
Sea basin at depths between 700 and 1,000 fathoms. 



PECnNASTBR HTLACANTHUS ] 

Plate 48, fig. 2; plate 49» fig. 2; plate 64, fig. 1. 

Peotinaster hylaoanthus Fishsb, 1913c, p. 204. 

Diagnosis. — ^Related to P. ndmicus Sladen, from which it differs 
in having the central spines of the paxillae distributed all over the 
ftbactinal surface, and in having 13 (exceptionally 12 or 14) adam- 
bulacrals corresponding to the first 10 inferomarginals. B=79 mm., 
r=10.5 mm., R=7.5 r approximately; breadth of ray at base, 11 to 
12 mm. General appearance similar to that of P. imimcus; disk 
smaU, rays long, slender, recurved at tip ; superomarginal plates con- 
fined to side wall of ray, with an upright sharp spine close to, or 
on upper margin; normally no abactinal pedicellariae ; abactinal 
spines numerous and generally distributed; small spinelets in 1 or 
sometimes 2 circles surrounding base of spine ; adambulacral furrow 
spines 7 or 8 at base of ray; pedicellariae variable, present usually 
on actinal interradial areas, and sometimes also intermarginally, and 
on actinal surface of intermarginals. 
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Description. — ^Most of the abactinal paxillae with a central spinule, 
0.76 to 1 mm. long; these spinules are uniformly distributed all over 
the abactinal surface, even to tip of ray, which has in consequence a 
hirsute appearance. The larger paxillae have 8 to 15 short blunt 
papilliform spinelets in a circle around the central slender terete 
spine. These stand upright or diverge slightly ; they are not closely 
appressed to the base of the spine, as in Sladen's figure of mimicus. 
(But mdmicus is variable in this respect.) These spinelets are pres- 
ent on the outer part of ray, but are smaller, and reduced to 3 to 6. 
Papularium very broadly oval, small, with 20 to 26 pores. A line 
drawn across the base of ray passes through the middle or outer half 
of the papularium. Abactinal pedicellariae normally absent ; I find 
a single inconspicuous one in the type. There are none on a speci- 
men from station 6619, plentifully supplied with actinal pedicellariae. 

Superomarginals 41 (in type), confined to side wall of ray and 
bearing near the upper edge a stout conical spine, equaling (beyond 
{he fourth or fifth) about 1^ to If plates in length. It is a little 
shorter than that shown in Sladen's figure of tnimicns^ and a little 
shorter than in the Albatross specimens of mimdcns. The general 
surface of the plate is covered with papilliform spinelets similar to 
those of the paxillae, but a little longer. These are slightly spaced, 
and are present all over the proximal plates, but distally they are 
widely spaced and leave an area around the base of the spine, nearly 
or quite bare. Rarely, near the middle of ray there are a few 
fasciculate pedicellariae on the intermarginal suture. These are 
present only in the type, which is from rather deeper water than the 
other specimens. There is also, in the type, in 3 interradii, a small 
intermarginal pedicellaria, similar to that which is rather char- 
acteristic of the form here called mimicus. 

Inferomarginals with a stout, sharp, conical spine (3.5 mm. long), 
slightly larger than that of superomarginals, and close to upper edge 
of plate ; below this, a smaller spine, about one-third or one-half as 
long. The tapering, bluntly-pointed spinelets are a little longer 
than described by Sladen for mindcus (but subequal to the spine- 
lets in Albatross specimens of mimicus)^ and while they are rather 
widely spaced on the actinal surface, there is no definite naked area 
such as seems to be characteristic of mimicus. They can not by any 
stretch of the imagination be called granuliform. 

Actinal interradial areas small and plates not extending beyond 
third inferomarginal. The plates bear spaced, short, slender, equal 
spinelets or upward of 8 or 10 pectinate-fasciculate and fasciculate 
pedicellariae to each interradial area. The type has 6 or 8 to each 
area, while in specimens from station 5619 they are present also on 
the ventral surface of upward of 10 or 15 proximal inferomarginals. 
The pedicellariae are subcircular, with 4 to 6 short, stout, pointed 
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to truncate jaws (2 or 8 times thicker than the actinal spinelets) 
confined to a single plate, or sometimes shared by 2 plates (in inter- 
radial area). The pedicellariae are similar in form to those of P. 
flhdU Perrier {^farcipcUus Sladen). 

Thirteen adambulacral plates (exceptionally 12 or 14) correspond 
to first 10 inferomarginals. Furrow margin of plate semicircular, 
about as salient as in rn&rmcuB; consecutive plates separated by an 
interval equal to about two-thirds or three-fourths the length of 
the plate, at base of ray. Furrow spines in type, 8 at base of ray, 
th^ 7, and on outer part of ray 9 or 10. It is difficult to determine 
exactly the number of furrow spines, because on the transverse 
margins of the plate are 1 to 8 spinules which partly or wholly form 
a part of the palmate furrow series (especially distally where the 
plates are narrow). There is 1 prominent tapering, diarp, some* 
times slightly curved subambulacral spine about as long or a little 
longer than the adjacent inferomarginal plate. Frequently, but 
not always, near the above and the outer adoral comer of plate is 
a small spinule distinct from the spinules of the transverse margin, 
or rarely 2 or even 8 spinules may be present on a few proximal 
plates. 

Marginal mouth spines, 6 or 7; about 7 spines along the median 
suture, flattened, pointed, and decreasing in length toward outer 
end of plate. On the surface of plate, near inner end, an inter- 
mediate series of about 8 spines (in small specimiens 1 or 2 only), 
of which 1 is enlarged but is smaller than the homologous subambu- 
lacral spine. 

Madreporic body situated about its own diameter (or a little more 
or less) from inner edge of marginal plates; striae cdarse. 

Anatamicdl notes. — ^The dorsal muscles are very stout and are 
fbvmd on the outer part of the ray. The end of the ray is usually 
recQired, and sometimes forms a spiral. The muscles of either side 
are attached to the dorsal body wall and to the outer end of the 
oxth or seventh ambulacral ossicle, which differs from the rest in 
being higher and having a sj^ecial knoblike crest at the outer end 
for the attachment of the tendon. This tendon, in spite of the size 
of the muscle, is rather inconspicuous. The muscles are much 
heavier and the tendon longer and decidedly less conspicuous than 
in P. affossisi evoplue (from California) and P. -filholi (from the 
Atlantic). These two species are also relatives of P. mifrUcus. The 
difference in the muscles alone will distinguish hylacantkus from 
PJuHi and evoplua. Not infrequently the muscles are so strongly 
contracted that they have entirely broken away from the tendon, 
which will be found, however, attached to the ambulacral ossicle 
(usoally easily recognizable by its greater height). 
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Variations. — ^The most important variation in this species is in 
the occurrence of pedicellariae, which in the southern specimens are 
more numerous than in the northern. They may be almost or entirely 
absent (specimens from station 5445) or present on the actinal inter- 
mediate plates, and intermarginally (the type), or present interradi- 
ally and on the actinal surface of the inferomarginals (station 5619) . 
The small spinelets of the abactinal plates may sometimes form 
2 concentric series around the central spine, the inner series, how- 
ever, usually incomplete (station 5629). 

Young specimens have few papular pores and few pedicellariae 
(when these are present in the adults from the same station). The 
relation of 10 inferomarginals to 13 adambulacrals is, however, 
maintained. The abactinal spines are present all over the abactinal 
surface in the smallest example examined (R=15 mm.). 

Type.—CsLt. No. 32626, U.S.N.M. 

Type-locality. — Station 5467, Lagonoy Gulf, southeastern Luzon, 
480 fathoms, green mud ; 1 specimen. 

Distribution. — ^Molucca Passage to north coast of Samar, 383 to 
435 fathoms, green mud, fine gray sand; bottom temperature, 44.3** K. 

Specimens examined. — Thirty-four. 

Station 5444, north coast of Samar (lat. 12° 43' 51" N.; long. 
124° 58' 50" E.), 308 fathoms, green mud, bottom temperature 45.8*^ 
F.; 1 specimen. 

Station 5445, north coast of Samar (lat. 12° 44' 42" N.; long. 124^ 
69' 50" E.), 388 fathoms, green mud, sand, bottom temperature 
44.3° F. ; 19 specimens. 

Station 5619, Molucca Passage (lat. 0° 35' N.; long. 127° 14' ^C 
E.), 435 fathbms, fine gray sand; 18 specimens. 

Remarks. — As indicated in the diagnosis this species closely re- 
sembles P. mimicus^ from which it differs in having only 13 adam- 
bulacrals to the first 10 inferomarginals, while mimicus has 15 to 18. 
In mimdcus the abactinal spines are absent from the lateral portions 
of the area, while in hylacanthus they are distributed all over the 
area. 

P. immicus inhabits depths of from 692 to 1,092 fathoms, sub- 
jected to a temperature of 36.3° to 39.5°, while hylacanthus is found 
in less than 500 fathoms, the only temperature record being 44.8*=*. 

P. hylacanthus resembles very closely Ch. niasurus^ the two occur- 
ring together at stations 5445 and 5619. The differences are pointed 
out under the latter species. 

Genus CHEIRASTER Stnder. 
Cheiraster Studeh, 1883, p. 129 ; 1884, p. 49. Type, C. gazellae Studer. 

KET TO THB 8PECIBS Ol* CHBiaABnB HEBBIN DBSCBIBED. 

a.* Some of the abactinal plates of either rays or disk, or both, with etilarj^ed 
central spine at least 3 times ns lonq: as the peripheral spinelets. 
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d/ Central spine of abactinal plates present on disk and rays, sometimes very 
sparsely on the former. 
c* Numerous abactinal spines on dlsis as well as on the rays; pectinate 
pedicellariae on actinal intermediate plates and usually fasciculate 

pedicellariae on the inferomarginals nuisicua Ludwig, p. 192. 

c' Abactinal spines very few on disk ; normally no pedicellariae present. 

inops Fisher, p. 191. 
d." Central spine of abactinal plates present on ray only, frequently very 
few and confined to the outer attenuate portion of the arm; pedicel- 
lariae on abactinal, inferomarginal, actinal intermediate plates, and 
sometimes also on the superomarginals, and over the Intermarginal 
sutures. 
€^. Papularia small, with about 25 pores which do not extend farther than 
the middle of the third superomarginal ; superomarginals narrow, 
about twice as long as wide proxlmally; furrow spines 10-12; oral 
qdnes 11-13; the innermost spine flattened, the tip of 1 of a pair 
grooved or incipiently bifid; second not conspicuously widened; first 
adambulacral plate with a sin^e subambulacral spine. 

diomedeae Fisher, p. 200. 
c' Papularia large, with 35 to 80 pores, wliich in full-grown specimens 
extend to opposite the sixth or seventh superomarginals; superomar- 
ginals wider, distinctly less tlian twice as long as broad ; furrow spines 
in largest specimen 9 or 10 ; in small and medium sized examples about 
8 ; oral spines 8 to 10, the inner 2 broad, spatulate, with truncate often 
crenulate tip ; first adambulacral with 2 subambulacral spines. 

gazellae Studer, p. 196. 
a\ No enlarged central spine on abactinal plates. 

b.^ Disk medium; 1 superomarginal spine throughout series; subambulacral 
spine prominent. 
c* Very large papularia with 35 to 80 pores; inferomarginal spines long 
and rather slender; inferomarginal spinelets slender, papilliform; 
usually numerous inferomarginal fasciculate pedicellariae; 15 to 15) 
adambulacral plates to first 10 inferomarginals ; 1 suboral spine. 

gazellae Studer, p. 196. 
c." Very small papularia with about 10 pores ; inferomarginal spines short 
and thick; inferomarginal spinelets squamlform on center of plate; 
normally no fasciculate pedicellariae on the actinal surface of infero- 
marginals ; 17 adambulacral plates to first 10 inferomarginals ; 2 sub- 
oral spines ludwigi Fisher, p. 203. 

5.' Disk large; distal superomarginals with transverse series of 3 prominent 
spines ; actinal interradial areas rather large ; pectinate pedicellariae on 
proximal inferomarginals and on actinal intermediate plates ; subambu- 
lacral spine rather small triplacanthus Fisher, p. 205. 

CHEIRASTBR INOPS Fldier. 

Cheiraster inops Fisher, 1906, p. 1043, pi. 10, fig. 4; pi. 17, fig. 2. — Koehleb, 
1909, p. 15.— LuDWiG, 1910, pp. 445, 446. 

Notes on Philippine specimens. — The largest specimen exceeds the 
t3T[)e in size. R=118 mm., r=16.5 mm., R=7.1 r; breadth of ray at 
base, 19 mm., at third inferomarginal, 15 or 16 mm. It is smaller 
than Koehler's specimen, in which R=130 mm. 

These specimens differ slightly from the type, but the difference 
in size must be taken into consideration. The central spine of the 
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paxillae is found scattered rather widely over the disk, where it is 
of inconspicuous size. On the ray they are larger and more numer- 
ous than on the disk, and more numerous in the larger of the i 
specimens, being found on the lateral as well as on the median por- 
tions of the area. The furrow spines vary from 7 to 9, and the sub- 
ambulacral spine is prominent and curved slightly. The plates of 
the outer third or two-fifths of ray have a small subambulacral 
spinule between the principal spine and the furrow margin, and the 
first 2 or 8 plates may also have a similar spinule (but sometimes 
placed external to the large one). On the rest of the ray a slightly 
enlarged subambulacral spinelet usually stands aborad to the large 
spine. A number of spinelets stand merely on the edge of the plate 
and form a cordon spaced from the base of the large spine. There 
are 18 to 14, rarely 12 or 15, adambulacrals to the first 10 inferomar- 
ginals. The actinal intermediate plates are covered with spaced, 
pointed, slightly swollen spinelets, with usually an enlarged central 
spine. I do not think the presence or absence of the enlarged spine 
is of much importance for classificatory purposes. 

The specimen from station 5111 has 2 small pectinate pedicellariae— 
almost rudimentary — in one interradial area ; otherwise pedicellariae 
are absent. 

The papularium is flat and distally strongly two-lobed. I am 
unable to trace a tendon from the dorsal muscles, but the tenth and 
eleventh ambulacral ossicles are slightly higher than the preceding. 
It is probable that a very rudimentary tendon is attached to their 
outer ends. 

Type.— Cat No. 21157, U.S.N.M. 

Type-locality, — Station 8866, Pailolo Channel between Molokai 
and Maui, Hawaiian Islands, 25&-288 fathoms, fine volcanic sand 
and rocks ; bottom temperature 44.8^ F. 

Distribution. — ^Hawaiian Islands, Philippine Islands, Indian Ocean 
south of Ceylon; bathymetrical range, 256 to 684 fathoms. 

Specimens examined. — ^Two: 

Station 5111, Balayan Bay, Luzon, 236 fathoms. 

Station 5445, north coast of Samar, 383 fathoms, green mud, sand; 
bottom temperature 44.3° F. 

CHEIRASTEB NIASICUS Ladwig. 

Plate 47, fig. 2 ; plate 54, figs. 4, 4a. 

Cheiraatcr niaaicus Ludwio, 1910,* p. 456. 

Diagnosis. — ^Differing from Cheiraster inops in having pectinate 
pedicellariae on the actinal intermediate plates and usually also fas- 
ciculate pedicellariae on the inferomarginals, as well as more numer- 
ous abactinal spines on the disk. Abactinal spines variable in num- 
ber, but scattered all over disk and rays ; superomarginals encroach- 
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ing conspicuously upon actinal surface; inferomarginals with more 
than 1 accessory spinule proximally, adambulacral furrow spines 
8 to 10. In a large specimen R=95 mm., r=12.5 mm., R=7.5 r; 
breadth of ray at base, 15 mm. (Station 5447.) 

Description. — Abactinal spines variable in number, but more nu- 
merous than in Ch, inops and scattered all over the abactinal area; 
numerous in the type. Larger paxillae of disk with 10 to 15 short, 
pointed spinelets in 1 or 2 circles around the spine. On the ray the 
pazHlae are spaced (one-half to their own diameter apart) and have 
5 to 9 spinelets. No abactinal pedicellariae. 

Snperomarginal plates with the dorsal surface broader than long 
proidmally (in large specimens) and longer than broad distally; 
in small specimens they form a conspicuous border to the abactinal 
area, but the plates are narrower than long. Each plate is tumid, 
and separated from the adjacent plates by a prominent, oblique 
groove. Each bears nearer the outer than inner margin a sharp taper- 
ing spine equal to the length of 1.5 to 2 plates. The first 2 spines 
are shorter. General surface of plate covered with upright spaced 
spinelets similar to those of the paxillae. Superomarginals 48 in 
largest specimen (that used for description). 

Inferomarginals also timud actinally and laterally; and proxi- 
mally wider than long, the actinal surface becoming narrower dis- 
tally. There is a stout, tapering, sharp, lateral spine equal to a 
little less or a little more than the length of 2 plates. . In addition 
to this there are proximally 2 or 3 unequal accessory spinules below 
or internal to the principal spine, these gradually reduced to 1 dis- 
tally which may be one-half to three-fourths the length of the prin- 
cipal spine. In small specimens only 1 accessory spinule is present. 
The plates are covered with short spinelets, several of which near 
the lateral spines are slightly enlarged. 

Actinal intermediate plates extending, in the largest specimen, to 
the third inf eromarginal and covered with numerous slightly spaced 
snbpapilliform, pointed spinelets, with usually also 1 or 2 central 
enlarged spines (except in some young specimens, station 5619). 

Furrow spines 8 to 10, usually 9 or 10, but in small specimens 
sometimes 7, and similar to those of Gh. inops. Along the adoral 
transverse margin of the plate are 8 or 4 spinelets and a slightly larger 
£pinelet stands aborad of the subambulacral spine, which is promi- 
nent and carried on a central prominence of the plate. On the outer 
third of the ray the accessory spinelet moves inward and stands 
between the subambulacral and the aboral, inner comer of the plate. 
It is lacking in small specimens, except sometimes close to the end 
of the ray. The number of adambulacrals to first 10 inferomar- 
ginals, 14 or 16. 
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Mouth plates with about 8 marginal spines, the inner two con- 
siderably enlarged. One prominent suboral spine is present near 
the inner end of the plate, and a series of about 7 or 8 spineiets 
follows the margin of median suture. Several spineiets are present 
on the outer part of the plate between the adambulacral margin and 
median suture. The enlarged subambulacral is sometimes absent^ 
or poorly developed (station 5619, small specimens). 

Pedicellariae are present: (1) Rarely on the vertical (interradial) 
suture between the first superomarginal plates of either ray (station 
5619) ; (2) in a similar position on the inferomarginals (same 2 
specimens, but not in all interradii) ; (8) fasciculate pedicellariae 
on a variable number of inferomarginals beyond the second or third, 
and near inner edge of plate. There are 8 to 12 on either side of 
the ray in the largest specimen, and sometimes 1 or 2 spineiets be-, 
long to an adjacent adambulacral plate. Each pedicellaria, which 
is circular, is composed of 5 to 7 sharp spineiets. These pedicellariae 
are lacking on small specimens from stations 5626 and 5658, and few 
on a specimen from stations 5624, 5618, and 5445. (4) Two or i 
pectinate pedicellariae (sometimes as many as 6) are present in each 
interradial area. Barely a pedicellaria is fasciculate and confined 
to 1 plate (stations 5447, 5619). 

A small specimen from station 5658 and 2 from station 5348 (the 
largest having B equal to 21 mm.) lack pedicellariae. There are 14 
adambulacrals to the first 10 inferomarginals, and at most only 2 
papular pores to each papularium. These specimens are placed here 
rather than under Pectinaater hylacanthtis because the superomar- 
ginal plates encroach conspicuously upon the abactinal surface and 
the superomarginal spines are situated near the outer part of the 
plate. In P. hylaccmthue the superomarginals are confined to the 
side of the ray. The specijnens are classed with nicaicus rather than 
with Ch. inops on account of the more numerous abactinal spines. 
They may really be small examples of Ch. pUosua Alcock. It is not 
possible, as a rule, to be entirely certain of the identification of 
young C heir aster and Pectinaster, The specimens just mentioned 
do not exhibit any characteristics which would place them unequivo- 
cally in either genus, and without the adults for comparison it would 
not be possible to say whether they belong to Pectinaster or Chetr- 
aster. As to the specific identification, it must be considered only 
as probable. Cheiraster pUosus^ Ch. inops, and Ch. masicus are very 
closely related. I am not certain of the characters of Ch. pUosus.. 
Alcock describes and figures several accessory inf eromarginal spines, 
while Ludwig (1910, p. 456) writes that there is only 1 (in contra- 
distinction to inops and niasicus, which have several). Alcock fig- 
ures and not very definitely describes actinal intermediate pedi- 
cellariae, indicated also by Ludwig (1910). Koehler (1909, p. 13) 
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places pUosus in Pontaater (as restricted by Perrier), thus indicat- 
ing that pedicellariae are absent. 

In the largest specimen there are 38 spores to the papularium 
examined, distributed in 4 irregular longitudinal rows. The papu- 
larium is bifurcate distally. 

A very small, rudimentary tendon from the dorsal muscle joins 
the outer end of the tenth ambulacral ossicle, which does not differ 
in form from its neighbors. This tendon can be seen only with 
difficulty. 

Type-locality. — Not stated (unless the name refers to Nias Island, 
off Sumatra). 

Distribution. — Gulf of Boni, Celebes, and Molucca Islands to 
Palawan Passage and Luzon, Philippine Islands; ''Indian region" 
(Ludwig). 

Specimens exarrmied. — ^Twelve. 

Speoimena of CTieiraster niasicus examined. 



Locality. 



Depth. 

(fath- 
oms) 



Nature of bottom. 



No. 



Bottom 
temper- 
ature. 



SMS 



M45 
M47 



SB24 



SSSti 



FalawBn Pasaage, lat. 10* 57' 45'' N.; long. 118* 38M5'' 
£. 

North ooast Samar 

►y Gulf 

aPasaage 

....do 

Between QUlolo and Makian Islands, Molucca 

Istands. 
Between Gfllolo and Kayoa Islands 

Golf of Bon], Celebes 



375 

8.S3 
408 
417 
435 

288 

ao5 

510 



Coral sand 

Green mud, sand . 
Green mud, coral . 

Gray mud 

Fine gray sand, 

mud. 
Fine gray sand 

Gray mud, fine 

sand. 
Gray mud 



• F. 

56.4 



44.3 
43.3 



41.2 



Remarks. — ^This species differs from Ck. pUosus in having longer 
and slenderer rays, especially distally (R=7.5 r as against 6+ in 
pUosus) ; and in the adult stage in having inferomarginal fasciculate 
pedicellariae, and rather fewer abactinal spines. 

The specimens from stations 5618 and 5619, perhaps, belong to a 
distinct variety. They have only 1 accessory inferomarginal spine, 
and the dorsal surface of the superomarginals is narrower than in 
any of the other examples. It is these specimens which have a 
subcircular pectinate pedicellaria on the interradial marginal 
sutures, as described for Ch. truiUpes (Sladen). In truUipes^ how- 
ever, there are no enlarged central paxillar spines, the paxillae are 
much smaller, and actinal intermediate.plates are absent (due to im- 
maturity, very probably). The specimens from stations 6618 and 
5619 have also actinal intermediate and inferomarginal pedicellariae, 
6 or 9 furrow spines, 8 oral spines, and the abactinal spines not very 
thi(^y scattered all over the abactinal surface. The papularium 
contains 14 or 15 pores, and is a trifle swollen, but it is slightly two- 
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lobed. A curious circumstance is that these specimens closely re- 
semble examples of Peotmaater hylacanthtis^ with which they were 
at first confused, the two forms having been taken at the same 
dredge haul. They are distinct, however, and really belong to dif- 
ferent genera, although the presence in both of inf eromarginal fas- 
ciculate pedicellariae is misleading. In hylaccmthus the superomar- 
ginals are more lateral in position, and the spine is nearer the upper 
edge of the plate. The pedicellariae have blunter, broader jaws, 
and the actinal intermediate pedicellariae of niasiGus are gencrally 
pectinate — ^that is, on two plates, although subcircular in shape. The 
papularium of hylaccmthua is more swollen, and when examined from 
the inner side the plates are seen to be more modified, especially in 
the center of the area, and the area itself shows no sign of being 
two-lobed. The superficial similarity of the two species is, however, 
very striking. 

Ludwig's original diagnosis of Cheiraster niasicus is very brief and 
incomplete — scarcely more than enough to technically fix the name. 
There are many points about which more information would be de- 
sirable ; for instance, the dimensions, proportions of marginal plates, 
and minor details of ornamentation. But since a number of major 
characters of the present species nearly or quite agree with the diag- 
nosis of rUasumSy I have given Ludwig's name to the Albatross speci- 
mens. The description was based largely on a specimen from Station 
6447, Lagonoy Gulf, 408 fathoms. 

CUKIKASTER GAZELLAB Stader. 

Plate 50, figs. 1-8; plate 51, fig. 1; plate 62, fig. 1; plate 64, figs. 8, 8a; plate 56^ 

figs.!, 2. 

Cheiraster gaaellae Studeb, 1883, p. 129 ; 1884, p. 50, pi. 4, fig. 8, a, b, a 

The specimens listed below belong to a corner of the genus in 
which the features relied upon to differentiate species are subject to 
considerable variation. The species of this section look alike, so 
that the characters sought to separate them are difficult to handle 
because they concern minute, or perhaps subtle, points of structure 
which do not come out well in photographs, and which may even 
escape the notice of a conscientious observer. The specific groups, 
into which this section of Cheiraster has been divided, must, there- 
fore, be considered as experiments. They may not stand the test. 

Ludwig (1910, p. 456) states in his key that the enlarged central 
spinule which occurs on the abactinal plates of several species, nota- 
bly pUosfiSj rUasicus^ and inops^ is lacking in gazeUae. He appears 
not to have examined specimens personally, judging by a list of 
species, given on page 486, which he had examined for the dorsal 
muscle bands. There is no evidence from Studer's figure that the 
distal abactinal plates lack the small central spinule (such as charac- 
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terizes Oh, snyderi)^ for the reason that the ray is recurved and the 
terminal third is hidden, and the figure is not large enough to show 
such spines. Studer does not mention them. It must be remembered 
that Studer's type was small, B measuring only 61 mm. 

In all the large specimens listed below these spinules are present. 
In 8 large examples from station 5538 the maximum of variation is 
present In one the inconspicuous central spinules are found only 
on the terminal attenuate sixth of the ray and are few in number. 
In the other 2 specimens they extend unevenly to the papularia. In 
a large specimen from station 6122 the spinules are present only 
near the tip and are few in number. Numerous small examples 
(B 45-60 mm.) from station 5888 either lack the spinules or have a 
few on the terminal third or fourth of the ray. At best they are in- 
€onspicuou& There are a few other differences which will be 
pointed out the course of the description. 

Diagnosis. — Closely related to Oh. snyderi Fisher, but differing 
in having in the adult longer marginal, subambulacral, and furrow 
spines, larger papularia with more numerous pores, almost obsolete 
abactinal central spinules, slightly more numerous furrow spines; 
pedicellariae numerous on actinal intermediate plates, on inf eromar- 
ginals, abactinally (very variable), and intermarginally ; in large 
q>ecimen 15 or 15^ and in small specimen 14, adambulacral plates 
corresponding to first 10 inferomarginals. Large example from sta- 
tion 5122 measures: B=120 mm., r=:15 mm., B=8 r; breadth of ray 
at base, 19 mm. 

Description. — ^As compared with Ch. snyderi^ the spinelets of the 
paxillae are a little longer. A large paxilla has about 20 and a 
medium-sized one about 10 papilliform, pointed spinelets in a flori- 
form group. Sometimes the central spinelet is a trifle longer than 
the others. The enlarged central spinule, as stated above, varies in 
occurrence, being usually confined to the outer third to sixth of ray. 
but occasionally straggling as far as the papularium, and sometimes, 
especially in small specimens, being entirely absent. The papularia 
are large, bifid distally, the total length being about two-thirds the 
diameter of disk. In a large specimen (station 5122) there are 
about 85 i>ore6 to an area, and in a small example (station 5388) , 
about 42; in Ch. snyderi there are about 80, and the papularium is 
about r in length. The outer end of the papularium is opposite the 
sixth or seventh superomarginal in gaaeUae; opposite the end of the 
third in snyderi. 

Abactinal pectinate pedicellariae usually rare. In some speci* 
mens from station 5888 they are very abundant. The larger consist 
of 7 to 9 sharp spinelets in 2 curved combs (each on a separate plate) . 
These spinelets are conspicuously larger than the other spinelets and 
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the pedicellariae occur on the disk and nearly to tip of ray. Other 
examples from the same station have only a few abactinal pedicel' 
lariae, while in still others they may be all but absent. 

Superomarginals with a distinct dorsal surface, the spine being on 
the lateral face, spaced from the inner edge and in length equal to 
2 to 3 plates. It is a little longer than in snyderi. Below the prin* 
cipal inf eromarginal spine, which equals in length 2 to 3 plates, is t 
transverse row of 2 secondary spines, the median often over half as 
long as the lateral spine; or there may be 3 or 4 spaced secondary 
spines forming an irregular group. The inferomarginal armature 
is more prominent than in snyderi^ where the principal spine scarcely 
ever equals 2 plates in length. At the base of the ray there is some 
irregularity in the number and position of the secondary spines. 

Furrow spines long, slightly curved, commonly 9 or 10, sometimes 
11, distally. The ends are usually blunt or truncate and slightly 
flattened. The subambulacral spine is pitnninent and often slightly 
curved and equal to 2 plates in length. On the outer part of ray a 
second smaller spine is present between the main spine and the furrow 
margin. As many as 10 to 15 spinelets stand on the edges of the plate 
and between the subambulacral spine and outer edge of plate. Two 
or 3 are conspicuously larger than the others, especially 1 near or 
on the aboral margin, which far along the ray moves inward and be- 
comes the accessory spinule. The first 2 or 3 plates usually have 1 
or 2 accessory subambulacral spines of conspicuous size, but beyond 
this point there is but 1 spine and the 2 or 3 enlarged spinelets spoken 
of above, until the outer part of the ray is reached when a second 
is regularly present. 

Marginal mouth spines 8 to 10, the inner 2 broad, truncate, spatu- 
late. There is one conspicuous suboral spine near the margin and 
15 to 20 suboral spinelets, those near the inner end the longest but all 
conspicuously shorter than the spine. 

Pedicellariae are present: (1) Sparingly on the abactinal surface. 

(2) A few between the superomarginal and inferomarginal plates. 

(3) Subcircular fasciculate pedicellariae near the inner edge of the 
inferomarginals, often with 1 or 2 of the spines standing on an ad- 
jacent adambulacral plate. There are usually 6 to 8 sharp, taper- 
ing jaws to each, and they extend upward of three-fourths the length 
of the ray, being absent usually from the first 2 plates. There are 
1 or 2 to a plate and they occupy the same position as do the pedi- 
cellariae in Pectinaster mimicus^ except that here the jaws are slen- 
derer and sharp. (4) Upward of 12 prominent pectinate pedicel- 
lariae to each actinal interradial area. In the largest specimens 
the actinal plates extend to the fourth inferomarginal (sometimes 
the third) and bear in addition to the pedicellariae numerous spaced 
spinelets and usually an enlarged spinule. The latter is not at all 
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constant in occurrence. There are very few, or none, in some of the 
areas in small specimens (station 5388), while one or more areas will 
have at least a few developed. 

In the large specimen from station 5122 the dorsal muscle of each 
side sends 2 very inconspicuous tendons to join the u{)per and outer 
end of the twelfth and thirteenth ambulacral ossicles. It is conse- 
quently inaccurate to state that the muscle is not attached to the 
ambulacral ossicles in Cheiraster. There is, however, no specialized 
knob as in Luidiaster daw8oni. My key (1911rf, p. 120) should read 
*^ ambulacral ossicle without specialized crest for attachment of ten- 
don of dorsal muscles; tendons very inconspicuous." In the speci- 
mens of Ch. s^iyderi and Ch. inops which I examined for this fea- 
ture, the tendons can not be seen, possibly because the specimens were 
partly dried. Drying does not destroy the tendon in Luidiaster^ nor 
in typical Pectinaster. 

Variations, — The principal variations have already been noted. 
Special mention should be made of specimens from station 5388y 
which have very numerous pedicellariae, especially on the abactinal 
surface. These abactinal pedicellariae, however, are very variable 
in number. There are 8 or 9 furrow spines, a trifle broadened at the 
tip, which may be rounded or truncate. The first plate has 2 sub- 
ambulacrals, the others have 1, until the outer part of the ray is 
reached, when there are usually 2, the smaller being next to the fur- 
row series. The marginal mouth spines are 8 and the inner is much 
enlarged, flattened, broader at the truncate tip than at base. The 
second spine is a little shorter, and about three-fourths the length of 
the inner. The remaining 6 are subequal, two-thirds to three-fourths 
IS long as the second oral spine, and very similar in every way to the 
first adambulacral furrow series, though sometimes individually a 
trifle broader. The inferomarginal and superomarginal spines are 
markedly longer than in Ch. snyderi of nearly equal size. In these 
specimens the papularia are much larger than in snyderi^ extend- 
ing to the end of the fifth or middle of the sixth superomarginal 
plate. The papulae are about 40 to 45 in these small specimens. 

Type-locaUty.—LAt 18° 5' 2" S.; long. 116° 3' 8" E. (off north- 
western Australia), 195 fathoms, gray mud. 

Distribution. — ^Northwestern Australia; Mindoro and southern 
Luzon, 195 to 256 fathoms, bottom temperature 51.4° to 53.8° F. 

Specimens exwmined. — One hundred and eleven from the follow- 
ing stati(His : 

5122. East coast of Mindoro (vincinity Malabrigo Light), 220 
fathoms, green mud ; 9 specimens. 

5388. Between Burias and Luzon (vicinity Bagatao Island Light) y 
226 fathoms, soft green mud, bottom temperature 51.4° F. ; 99 speci- 
mens. 
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5588. Between Negroe and Siquijor, 256 fathoms, green mud, sand, 
bottom temperature 58.3° F.; 8 specimens (large). 

CHEIBASTBR DIOMEDEAB nahw. 

Plate 47, flg. 1; plate 54, figs. 6, 5a-o. 
CJieiraster diomedeae Fishes, 1917&, p. 90. 

Diagnosis. — ^Bays 5, long, slender, with narrow marginals carrying 

1 superomarginal and usually 2 inferomarginal spines; abactinal 
plates, with 10 to 15 spinelets on disk, and on ray usually 2 to 7; 
enlarged central spinules scattered on outer half or two-thirds of 
ray; adambulacral furrow spines 10 to 12 ; 1 subambulacral except on 
outer part of ray, where there are 2 ; 11 to 13 oral, and 1 prominent 
suboral spine. Papularia small, with about 25 pores, which do not 
reach farther than opposite middle of third superomarginal. Pecti- 
nate pedicellariae on the abactinal surface, between the proximal 
superomarginals, over the intermarginal suture, on the actinal inter- 
mediate plates; fasciculate pedicellariae on the actinal surface of 
inferomarginals. Related to Ch. snyderL R=86 mm., r=10 nun., 
B=8.6 r; breadth of ray at base (between first and second supero- 
marginals, 10 mm. ; at middle of ray, 5 nmi. 

Description. — ^The groups of spinelets of the abactinal plates are 
slightly spaced — ^usually about one-third the diameter of the pseudo- 
paxilla, which consists, on the disk of 10 to 15 tapering rough spine- 
lets, the 8 to 5 central variable in length, but ordinarily longer than 
the peripheral. Some of them have a short central spinule overtop- 
ping the rest, but not long enough to rank as an enlarged central 
spine, the latter occurring on the outer half or two-thirds of the 
ray, where the distinctly spaced pseudopaxillae have 2 to 7 short 
delicate spinelets. Only a relatively few along the radial area have 
an enlarged central spine. This is slender, rough, pointed, and 
variable as to length, being proximally 3 to 5 times the length of the . 
peripheral spinelets, and distally upward to 10 times. Some of the 
larger spines have 9 or 10 peripheral spinelets. Pectinate pedicel- 
lariae are scattered on the disk and base of rays. They consist of 

2 combs of 3 to 6 pointed spines, 2 to 4 times longer than the ordinary 
spinelets of the same plate. The 2 combs are on adjoining plates, and 
appear to be a little less specialized than in Ch, gazeUaey inasmuch 
as the plate is scarcely different from the other except for tjie pres- 
ence of the slightly curved comb of sharp spines. S(»ne combs do not 
have a vis-&-vis. 

The papularia are small, with about 25 pores in 4 rows, the distal 
end being scarcely two-'^arted. The papularium extends to opposite 
the end of the second or the middle of the third superomarginal 
plate, its total length being 6 to 7 mm. and breadth 4 mm., or, re- 
spectively, 0.6 to 0.7, and 0.4, the minor radius. The small papu- 
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lariiim alone will readily separate this species from goBellae^ in which 
the pores of even small specimens are over 85 in number. 

The superomarginals, 40 in number, are narrow abactinally, the 
extreme length being about twice the abactinal breadth (2.5 mm.: 
1.25 mm.), and the long single spine is lateral in position. This 
spine is quite short on the first plate, but increases in length up to 
tiie fifth, where it is exactly 2 plates in length; this length is main- 
tained for a few plates, then the spine decreases gradually and a 
little more rapidly than the decrease in the length of the plates, for 
on the outer half of ray it is 1.5 plates in length. The first 8 or 4 
transverse superomarginal sutures have a small pectinate pedicellaria. 
The general surface of the plate is covered with very short, slender^ 
delicate spaced spinelets, a little longer near the base of spine. No 
accessory spinules. 

Inf eromarginals rather narrow actinally but very tumid laterally^ 
with one slender, tapering, sharp, lateral spine, ordinarily a little 
slenderer and shorter than the corresponding superomarginal spine 
on the proximal third of ray ; but beyond that point the spine de* 
creases very slowly in size, while the superomarginal decreases much 
more rapidly. The inferomarginal spine is 1.6 to 2 times the 
length of the superomarginal on the outer third of the ray and about 
2 to 2.25 plates in length. Just below the principal spine is a sec- 
ond one, half to two-thirds its length, while on the proximal fourth 
of ray is a third (and sometimes beside it a fourth) about one-half 
or two-thirds as long as the inner border of the plate. The general 
sorface of the plate is covered with well-spaced spinelets similar to 
those of the superomarginals. With the exception of the first or 
first 2 inferomarginals and those of the terminal third of ray (about 
the last 20) , the actinal surface of each plate bears 1 or 2 conspicuous,, 
circular, fascicular pedicellariae with 5 to 8 sharp, tapering teeth. 
In addition, on the longitudinal intermarginal suture, to nearly 
every pair of supero-inferomarginals beyond about the tenth, is a 
fflnaU pectinate pedicellaria with 8 to 5 slightly modified spinelets 
to each comb. The 2 combs meet over the intermarginal suture and 
may occur up to the last marginals. 

Corresponding to first 10 inferomarginals, 16 adambulacral plates^ 
The latter are distinctly spaced and have a semicircular, prominent 
farrow margin bearing at the base of ray 10, increasing on outer 
part of ray to 12 slender, round-tipped, slightly curved spines, of 
which the median 6 or 7 are the longest. On the actinal surface of 
plate is a single slender, tapering, sharp, slightly curved spine about 
18 long as the inner border of the adjacent inferomarginal; on the 
onter two-fifths of ray a second shorter one is added between the 
first and the furrow series. There is no second subambulacral spine 
QD the first ambulacral, as in Ch. gazeUae^ Ch, snyderi^ Ch. inopSy 
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and Ch. rwmcus. One or 2 small spinelets stand on either trans- 
verse margin of plate and 1 or 2 near the outer margin. 

Actinal intermediate plates 16 to 20 to each area and extending 
to middle or end of second inf eromarginal. Each area has 8 to 10 
conspicuous pectinate pedicellariae, the largest with 5 or 6, some- 
times 7, sharp spines, of the characteristic Cheiraster form, to each 
curved comb. General surface of plates with short, equal, slender, 
spaced spinelets as long as those of inferomarginals, and to each 
area 1 to 3 plates have an enlarged spinule. 

Mouth plates with 11 to 13, usually 12, marginal spines, the inner 
truncate or round tipped, broad, and about half as long as the inter- 
radial suture between the 2 plates; the next is blunt, about half as 
broad and three-fourths as long, while the remaining spines re- 
semble those of the first adambulacral. There is 1 suboral spine to 
each plate, near the free margin and a little nearer the aboral than 
the inner confer. It is not quite so long as the first subambulacral. 
There are 18 to 20 short, tapering, pointed spinelets on the convex 
surface of the plates; 1 just back of the inner marginal spine is inter- 
mediate in size between the spinelets and the suboral. 

Madreporic body large, with a large plate on its inner side and 7 
other rather large plates (in addition to about 3 small) surrounding 
it. Eidges irregular, transverse, in an interradial direction. It is 
situated its own diameter from margin. 

Type.— C2it No. 87085, U.S.N.M. 

Type-locality. — Station 5512, Iligan Bay, north coast of Minda- 
nao, 423 fathoms, gray mud, fine sand, bottom temperature 52.8'* 
F.; 1 specimen. 

Distribution. — ^Known only from the type-locality. 

Remarks. — This species may be distinguished from Ch. hwpB by 
the absence of scattered, enlarged, central paxillar spines on the 
disk and by the presence of abundant conspicuous pedicellariae; by 
the more numerous furrow and oral spines and the absence of a sec- 
ond subambulacral spine on the first adambulacral plate. It may be 
distinguished from Ch. niaaums by its lack of enlarged abactinal 
spines on the disk, by its very narrow superomarginals (in niasicm 
they are wider than long) , by the narrower inferomarginals, more 
numerous oral and subambulacral spines, and by the absence of a 
second subambulacral spine on the first plate. The marginal plates 
of niasicus are rather heavy; in diomedeae they are relatively small. 
Ch. snyderi seems to be the nearest relative. It has, however, fewer 
adambulacral and oral spines, a second subambulacral spine on the 
fii*st plate, broader inferomarginals with longer miliary spinelets, 
shorter and stouter major marginal spines, and several conspicuous 
accessory inf eromarginal spinules. Further snyderi has shorter rays, 
shorter abactinal spinelets, lacks the conspicuous inferomarginal fas- 
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dcolate pedioellariae of dicmedeae^ and has a much smaller madre* 
poric body. 

The principal differences between gazeUae and diomedeae are as 
follows : gazeUae has much more extensive papular areas, with more 
numerous pores, even in small specimens. Large specimens have 
about 80 pores and small examples 35 or 40 or even more, according 
to size. In diomedecLe there are but 25, or half as many as a similar 
sized specimen of gazeUae would have. In gazeUae there are fewer 
marginal mouth spines and furrow spines, which are stouter, and the 
first adambulacral has 2 well-developed subambulacral spines. The 
abactinal, enlarged spines of the ray of diomedeae are more con- 
spicuous and more numerous than usually the case in gazellae^ 
although this character is variable and difficult to apply. 

CHEDKASTER LUDWIGI FItlMr. 

Plate 48, fig. 1; plate 49, fig. 2; plate 65, figs. 2, 2a. 
Cheiraster ludwigi Fishxb, 1918c, p. 205. 

Diagnosis. — Differing from Ch, gazeUae Studer (as herein xmder- 
stood) in having only about 10 papular pores, and consequently very 
small papularia, which do not extend beyond the first superomar- 
ginal upon the rays; in having short, robust inferomarginal spines, 
subsquamiform or squamiform central inferomarginal spinelets, no 
sign of distal abactinal enlarged spinules, and normally no infero- 
marginal fasciculate pedicellariae; in having 17 instead of 15 to 15.5 
adambulacrals to first 10 inferomarginals, and 2 suboral spines in- 
stead of 1. Bays 5. R=53 mm., r=9.6 mm., R=5.5 r; breadth of 
ray at second superomarginal, 9 nmi. Superomarginal spine stout, 
near middle of plate; 1 stout inferomarginal spine and 1 conical 
accessory spinule below it; adambulacral plates very prominent, 
meeting in middle of furrow ; furrow spines 7 or 8 ; 1 subambulacral 
spine (2 on first plate and on distal plates) ; oral spines 7 ; suboral 
spines 2. 

Description. — ^Abactinal plates only slightly elevated, the groups 
of small, subequal, bluntly pointed or obtuse spinelets distinctly 
spaced, sometimes more than the diameter of the group. No enlarged 
central spine anywhere on the abactinal surface. The larger paxillae 
of disk have 10 to 12 upright or slightly divergent spinelets; the 
smaller (in the minority) have 5 to 7, or upward of 10. On the ray 
5 to 7 slightly slenderer spinelets surround a single central one, or 
8 to 5 form a simple group. One or 2 inconspicuous pectinate pedi- 
cellariae are present near the anal aperture. Papularia small, 2 
parted with about 10 pores, the distalmost being even with a line 
across the ray between the interradial marginal sutures of either 
interbrachium. The superomarginals, 25 in number, are longer than 
broad beyond the fifth, and encroach narrowly upon the abactinal 
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area, the stout, tapering, sharp spine being situated on a slight 
tumidity at center of plate, and directed horizontally outward. The 
spines increase in length up to the fourth or fifth, which is about 
one and one-third times the length of its plate; thence the spines 
decrease in size gradually witii their respective plates. General 
surface of plate covered with spaced small spinelets similar to those 
of the paxillae. Sutures between plates prominent and very oblique 
dorsally. On the interradial suture between the 2 first superomargi- 
nals is a prominent pectinate pedicellaria (in one interradius 2, one 
above the other), with sometimes one, also, between the first and 
second plates of either ray. On the distal third or fourth of ray, 
between each pair of supero-inferomarginals, is a pectinate pedicd- 
laria. 

For the distance of the first 4 or 5 marginal plates the ray is 
unusually thick dorsoventrally. Inferomarginal plates tumid, with a 
stout lateral spine similar to the superomarginal, and below this 1 
smaU spine. On the outer part of the ray the lateral spine is about 
as long as 2 plates and longer than the corresponding superomarginal 
Surface of plates covered with slender, pointed, appressed spinelets, 
larger, more spaced, and squamiform on the central portion of plate. 
They are directed away from the inner margin of the plate. 

Actinal intermediate areas small, there being but 2 plates in the 
series between the mouth and first inferomarginal plates, and about 
8 for each area, the plates reaching to the middle of the second in- 
feromarginal. Each area has about 4 very prominent semiovoid 
pectinate pedicellariae with about 6 or 6 blunt, slightly curved spine- 
lets in each comb. The plates also bear spaced subequal spinelets 
similar to those of the inf eromarginals. 

Adambulacral plates with a very prominent furrow margin, which 
touches that of the opposite plate and segregates consecutive pairs 
of tube feet, the mesial furrow spines standing upright, and the 
lateral usually also. Furrow spines 8 (sometimes 7), the 3 or 4 
mesial terete, untapered, or only very slightly tapered, round-tipped, 
and upright, similar to the corresponding spines of tntUipes but 
longer (equaling the plate in length). On either side of these are 
2 slightly tapered, bluntly pointed spines, the lateralmost the shorter. 
On the center of the plate is a prominent, upright suboral spine (1.5 
times length of plate). On the first plate there are 2, and on the 
distal third of the ray there are regularly 2, the second appearing 
external to the first, not toward the furrow as in the distal plates of 
gazellae. Six to 8 spinelets form a series around the remaining 3 
sides of the plate, usually about 2 standing on either transverse 
suture margin. 

Marginal mouth spines about 7, which decrease in size from the 
prominent inner tooth to the third spine, which is only half as long. 
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Then the spines increase slightly, to decrease again, the outer 4 being 
independently graduated in length toward the 2 mesial (fifth and 
sixth from inner end of series) . Suboral spines 2, in a series parallel 
to median suture, along which are about 6 spinelets on each plate, in 
addition to 1 or 2 in line with the suborals. 

Pedicellariae, as detailed above occur: (1) Abactinally; (2) be- 
tween the superomarginals interbrachially ; (8) between supero- and 
inferomarginals on outer part of the ray; (4) on the actinal inter- 
mediate plates. One inferomarginal plate of the type has a small 
fasciculate jyedicellaria and one-half of a pectinate pedicellaria on 
the transverse suture. 

Madreporic body situated its own diameter distant from margin, 
and with a large plate on the adcentral side; striae numerous, fairly 
coarse. 

Typc—Cst. No. 82627, U.S.N.M. 

fype-fccoZfoy.— Station 5660, Flores Sea (lat. 6^ 86' 80" S.; long. 
120° 49' E.), 692 fathoms, gray mud, sand, bottom temperature 
89.2® F. ; 1 specimen. 

DistrSmtion. — ^Known only from the type-locality. 

Remarks. — ^This deep-water form differs from Ch. truUipes 
(Sladen) in having a well-developed actinal intermediate area, 
actmal and intermarginal pedicellariae, larger abactinal paxillae, 
longer furrow spines, 7 oral spines, and 17 (instead of 15) adambu- 
lacrals to the first 10 inferomarginals. Ch. truUipes was taken by 
the Challenger west of Luzon, in 1,050 fathoms, blue mud, bottom 
temperature 37° F. It thus belongs to greater depths and to a lower 
temperature belt than the Flores Sea species. 

This species is named in honor of the late Dr. Hubert Ludwig, 
whose paper on the Notomyota includes a most useful revision of 
Oheiraster, 

CHEIRASTEH TRIPLACAMTHCS Flafaer. 

Plate 4S, figs. 8, 4 ; plate 55, figs. 1, la. 
(JheiTa%ter triplacanthus Fisheb, 1918c, p. 206. 
Diagnosis. — ^Belonging to the subtuherculatus group; differing 
from subiitberculatus in having actinal pedicellariae, 7 or 8 furrow 
spines, longer inferomarginal spines, and especially in having a trans- 
verse series of 3 prominent superomarginal spines on the distal half 
of ray and 1 spine only on the proximal half. Disk large, rays slen- 
derer than in subtuberculatusj tapering very gradually from wide 
interbrachial arcs to a bluntly pointed tip. !R=49 mm., r=12 mm., 
B==i r; breadth of ray at first superomarginal 14 mm., at third, 
SJi mm. No abactinal spines; papularia large, flat, two-lobed; 1 in- 
feromarginal spine, and proximally 1 or 2 small accessories; 8 or 9 
oral, and 1 suboral spine. 
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Description. — ^Abactinal area plane, slightly lower than the mar- 
ginal plates, which form a broad border to the area. Abactinal 
plates low, slightly convex, not at all paxilliform, and bearing small, 
prickly, sharp granuliform spinelets. The largest plates, on the 
papularia, have upward of 10 to 12 peripheral and 2 to 4 central 
granules, while on the proximal part of the ray 1 or central and 
5 to 8 peripheral granules are found. The number of granules de- 
creases toward the end of the ray. On the outer third the number 
is reduced to 2 or 3, and on the distal fourth, to 1. The groups 
of granular spinelets are rather uniformly spaced on the disk and 
proximal half of ray one-third to one-half the width of the group. 
No enlarged central spines and no pedicellariae. 

Papularia large, as long as the first 4 superomarginals and as broad 
as the length of the first 3, strongly two-lobed. In fact, each papu- 
larium is double and joined only at the adcentral end* There are 
about 80 pores to each. 

Anal opening prominent, guarded by 6 plates with longer spinelets 
than elsewhere on the area. 

Superomarginals 22 or 23, encroaching broadly upon the abactinal 
area, slightly tumid, especially toward ambitus, and separated by 
prominent, oblique, smooth grooves. The armature is peculiar. 
About the first 10 plates bear on the rounded margin between the 
dorsal and lateral facets of the plate a short, stout, pointed tubercle, 
proximally acorn-shaped, which is shorter there than the length of 
plate. This spine increases slightly in length and decreases in thick- 
ness distad. Beyond the tenth, the plates ai*e more tumid, and each 
bears a transverse series of 3 subequal, tapering, rough spines which 
occupy the whole width of the plate. Proximally they are a little 
longer than their plate, and near the end of the ray are equal to 
about 3 plates in length. Parallel to the major spines is an adoral 
series of 3 accessory spinules, while aborally there is an enlarged 
spinule which often is nearly as large^ as the major spines, and is 
associated often with 1 or 2 much smaller spinules. This abrupt 
transition from 1 to 3 superomarginal spines gives a very character- 
istic appearance to the armature of the superomarginals, as the 
distal spines are bent over and usually cover the abactinal area. 
General surface of plates covered with small widely spaced spinelets 
similar to those of the abactinal area, which become larger on the 
low lateral face of plate. The terminal plate is prominent, wider 
than long, and covered with spines. 

Inferomarginal plates slightly tumid, bearing a single lateral, 
tapering, sharp spine, a little longer than its plate proximally, and 
regularly and gradually decreasing in size toward end- of ray. The 
first 4 or 5 plates have 1 or 2 small accessory spinules forming a 
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transvei^se series below the lateral spine. The general surface of 
plate is covered with spaced, pointed spinelets longest on the well- 
rounded surface between the ventral and lateral aspect of the plate, 
and longer than the superomarginal spinelets. 

Actinal interradial areas rather large, the distance between the 
inner edge of inf eromarginals and outer end of mouth plates equal- 
ing first 3 inf eromarginals measured on ambitus, or the distance be- 
tween interradial suture of marginal plates and the distalmost in- 
termediate plate. Each plate bears a few subequal, spaced, papilli- 
form spinelets. Each interradial area bears 6 to 8 subcircular pec- 
tinate pedicellariae, with 3 to 6 stout, sharp jaws. Sometimes a 
pedicellaria consists of only 1 comb. 

Adambulacral plates with a semicircular furrow margin bearing 
a fan-shaped group of 7 or 8 slender spines, slightly shorter than 
their plate, the 2 or 3 median sometimes slightly shorter than those 
spines immediately to either side. There is 1 subambulacral spine 
about as long as its plate, and proximally 1 to 3 spinelets form a 
more or less evident longitudinal series with the above. Distally 
the subambulacral spine is not prominent and is accompanied by 
1 to 3 spinelets only slightly smaller and all subequal to the furrow 
spinelets. Seventeen (or 16.5) adambulacrals correspond to first 
10 inf eromarginals. 

Mouth plates broad, with 8 or 9 marginal spines, the inner the 
longest, tapering, bluntly pointed, the rest subequal to the adambu- 
lacral furrow spines and decreasing a trifle in length at outer end 
of 8erie& About midway between inner and outer ends of plate is 
a short conical suboral spine, about as long as the subambulacral. 
Six or 7 spaced spinelets follow the median suture margin and about 
3 the margin adjacent to first adambulacral plate. 

In addition to the actinal intermediate pedicellariae a small 
pectinate pedicellaria occurs irregularly ventrally on the transverse 
SDture, between any of the first 5 inferomarginals, but never between 
all of them. 

Madreporic body small, with few coarse striae, and situated twice 
its diameter from the inner margin of the superomarginal plates. 

Type.— CsLt. No. 32628, U.S.N.M. 

Type-locality. — Station 5651, Gulf of Boni, Celebes, 700 fathoms, 
green mud; bottom temperature, 38.7® F.; 1 specimen. 

Distribution. — ^Known only from the type-locality. 

Remarks. — ^This CJievraster has a very different appearance from 
any others herein listed. The transverse series of 3 prominent spines 
on the distal marginals is very characteristic and will serve to dis- 
tinguish the species from Ch. subtuberculaty^ and Ch. granulatus 
(see Ludwig, 1910, p. 456). The presence of only 1 prominent in- 
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feromarginal spine and of inferomarginal pedicellariae are addi- 
tional differences separating triplacanthus from granvlatuB. Ch. wb- 
tuberculatvs was taken by the ChciUenger at station 164, off the 
coast of Australia, east of Sydney, 950 fathoms, green mud ; bottom 
temperature 86.5® F. 

Genus BENTHOPECTEN VeriilL 

Benthopecten Vkbbhx, Amer. Journ. Sci. and Arts, toL 28» 1884» p. 21S 
(footnote).~LuDwio, 1910, p. 464 (part).— Fisher, lOlld, p. 142. 
Type, B. sp^noaus VerrilL 

Parachaster Sladen, 1885, p. 610.— Ltjdwio, 1910, p. 462 (part). Type, 
P. pedicifer Sladen ; figure. 

KBT TO BPBCIB8 OF BBNTBOPBCTBN HBBBIN DB8CBIBBD. 

a\ Actinal plates witb a single spinelet, the long spines of disk graduated in 

length Into spinelets of ray -B. fnoluccanus, p. 208. 

a\ Abactlnal plates with more than 1 spinelet, at least on disk; the compara- 
tively few prominent spines of ray not graduated in length into tliose 
of disk. 
H^. Abactinal plates of ray with upward of 5, or even more, spinelets; odd 
interradial superomarginal spine not unusually long (equal in length to 
first 1.5 to 2 superomarginals) ; short accessory superomarginal spines; 
inferomarginal pedicellariae on outer part of ray..B. polyctenius, p. 211. 
&*. Only 1 or 2 spinelets to each abactinal plate of ray; odd interradial 
superomarginal spine very long (equal in length to first 4 or 5 supero- 
marginals) ; no accessory superomarginal spines; no inferomarginal 
pedicellariae on outer part of ray B. stymoius, p. 213. 



BENTHOPBCTEN MOLUCCANUS 1 

Plate 53, fig. 1 ; plate 65, figs. 6, 5a^. 
Benthopecten moluccanua, 1918c. p. 207. 

Diagnosis. — ^Differing from B. huddlestonii in having only 2 in- 
feromarginal and 2 subambulacral spines, and from B. aoanthonotus 
in having a larger adambulacral furrow comb (with 7 to 9 spines)^ 
pedicellariae between the distal inferomarginal plates, very few or no 
accessory abactinal spinelets, a more restricted papular area, and in- 
feromarginal spines which are subequal prozimally. K=80 mm., 
r=8 mm., R=10r; breadth of ray at base, about 10 mm. Disk 
small, rays slender and very flexible. Abactinal plates with a single 
spine, those of disk graduated in length into spines of rays ; supero- 
marginals with 1 and inferomarginals with 2 spines; subambulacrals, 
2 ; furrow spines, 7 to 9 ; oral spines variable, 5 to 8 ; suix>rals, 3 to 5 ; 
abundant abactinal pedicellariae on disk and variable on rays; in- 
feromarginal pedicellariae in interbrachium and an outer part of 
ray ; actinal intermediate pedicellariae often present. 

Description. — Abactinal plates each with a single, slender, thorny 
spine, those of the disk long and bristling (4 mm., or equal in length 
to 1.6 proximal superomarginals). These shorten gradually from cen- 
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ter of disk to base of ray, as in £. huddlestonii^ the spinelets of ray 
being well spaced and about 1 mm. long. A few plates have 1 or 2 
minute spinelets in addition to the above. Numerous pedioellariae, 
with 8 to 5 minutely thorny spinelets in each comb and with 2, 8, or 4 
eombs to each pedicellaria, are scattered over disk and form an inter- 
rupted series along either side of ray near the marginal plates, for 
about half the length of ray. The pedicellariae are very variable in 
number on the ray. In the cotype there are 16 or 16 in each series; in 
the type about 8 to 5 ; in small specimens (R=up to 50 mm.) the 
pedicellariae do not extend beyond the papular area. 

Papulae are distributed over disk and along ray as far as the be- 
ginning of the third superomarginal plate. The end of the area is 
bilobed. 

Superomarginal plates, subelliptical, longer than high, confined to 
side wall of ray and with a long slender spine on the nuddle of the 
upper margin, below which is a much shorter and slenderer rather 
inconspicuous spinule and a second just aborad. The principal spine 
is longest in the fourth, fifth, and sixth plates, there equaling the 
length of 1.75 superomarginal^ (6 to 7 mm.). The surface of the 
plate is bare, except for 1 to 8 minute spinelets, near the adoral mar- 
gin of the plate. Interradial plate a little over 1.6 times as high as 
the adjacent first superomarginal, bearing at its upper end a stout, 
long, sharp spine (7 to 10 mm. long, or longer than r) and 8 acces- 
sory spinules about 8 mm. long. Terminal plate broader than long, 
witli a broad notch adorad, and the surface covered with numerous 
prominent spinules. 

Inferomarginals slightly in advance (aborad) of the superomargi- 
nals, and with 2 subequal spines, a little smaller proximally than the 
corresponding superomarginal spines ; distally the upper spine is con- 
siderably longer than the superomarginal spine, while the lower is 
conspicuously shorter than its companion. Pedicellariae occur be- 
tween the inf eromarginal plates irregularly in the interbrachium, 
and also on the outer half or two-thirds of rays. The occurrence is 
very variable even on different rays of the same example. Small 
€peeimens may lack the distal pedicellariae, and the interbracliial are 
lacking in a specimen, nearly as large as the type, from station 5619. 

The type has 6 actinal intermediate plates forming a single series. 
The plates have a subcentral slender spine and 2 or 8 minute spinelets, 
but no pedicellariae. In the cotype there is a pedicellaria in 2 inter- 
radii. Three specimens from station 5619 have the pedicellariae and 4 
lack them. One is interesting in having the pedicellariae between the 
odd inferomarginal and the intermediate plates. 

Adambulacral plates with 7 furrow spines on the first few plates, 
then 8 or sometimes 9. Subambulacral spines 2, in an oblique trans- 
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verse series. Nineteen or 20 plates correspond to the first 10 in- 
feromarginals. 

Mouth plates with 5 to 8 furrow spines, the inner much enlarged, 
the second slightly less so. Suboral spines 3 to 5. 

Madreporic body convex, prominent, touching an odd superomargi- 
nal; striae radiating; ridges rather fine. 

Variations and yotrng. — In specimens of the same size as the type 
and cotype variation is found in the number of abactinal pedicellariae 
of the rays ; in the occasional presence of 1 or 2 minute spinelets 
in addition to the regular spine of the abactinal plates; in the num- 
ber of inferomarginal pedicellariae; presence of actinal interradial 
pedicellariae; in the number of oral spines (5 or 6 in type, 8 in 
cotype) ; in the number of suboral spines (8 in type, 5 in cotype) ; 
length of odd interradial superomarginal spine (7 or 8 mm. in type, 
10 mm. in cotype). . 

Small examples (R=30mm.) have relatively very prominent inter- 
radial superomarginal spines, lack abactinal pedicellariae on rays, 
have very small or no accessory superomarginal spinules, have as 
few as 4 or 5 furrow spines, 4 oral spines, and 8 suboral spines. 
Specimens of intermediate size have 6 or 7 furrow spines, but the 
number of oral and suboral spines varies in specimens of the same 
size just as in the adult. The same is true of the actinal intermediate 
pedicellariae. 

There is a very young specimen from station 5619, having R 9 mm. 
The odd interradial superomarginal spines ate 5 mmi long; furrow 
spines 4 or 5, oral spines 6 ; no pedicellariae. 

Type.— Cut No. 82629, U.S.N.M. 

Type-locality.— Station 5618, Molucca Passage (lat. 0^ 87' N.; 
long. 127® 15' E.), 417 fathoms, gray mud; 2 specimens. 

Distribution, — ^Known only from Molucca Passage. 

Specimens examined. — Nine; in addition to the type, 7 from station 
6619, Molucca Passage, near type-locality, 435 fathoms, fine gray 
sand and mud. 

Remarks. — ^This species differs from B. hvddlestonii Alcock in 
having abactinal pedicellariae, only 2 inferomarginal spines, 2 sub- 
ambulacral spines, and a less complete series of inferomarginal 
pedicellariae. Although the type of mx>lv^canus is much smaller 
than that of B. hvddlestonii^ there are as many, or even 1 more^ 
furrow spines. In Lud wig's key to the species of Benthopecten (1910 
p. 466) B. vfholuccanus would occupy a position just after B. huddle 
stonii^ with a coordinate subhead reading: inferomarginal plate^ 
with 2 spines; adambulacral plates with 7 to 9 furrow and 2 sub^ 
ambulacral spines ; mouth plates with 5 to 8 oral spines. 

B. mx)lucca7vas differs from B. serndsgwrntatus (Sladen) and B. onA 
arcticus (Sladen) in having pedicellariae and more numerous fxai 
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row spines. It differs from B. spinosits Verrill in having pedicel- 
lariae, in having only 2 (and larger) infcromarginal spines, smaller 
disk, smaller actinal intermediate areas, and more numerous long, 
abactinal disk spines, which are graduated in length into those of the 
ray, not abruptly larger as in ^pmosus, B. spmosvs is of a much 
stouter habit, as is also B. mutaJnlis^ which does not at all resemble 
mohiccanus^ having the abactinal spines abruptly larger in the middle 
of the disk. B. acanthonotua differs in having a shorter furrow 
comb with 4 to 5 spines, several prominent accessory infcromarginal 
spinules and 1 to 6 accessory spinelets in connection with the abac- 
tinal spines of disk, and in having the infcromarginal pedicellariae 
confined to base of ray. 

BENTHOPECTEN POLYCTENIUS FMmt. 

Plate 51, figs. 2, 8 ; plate 52, fig. 2 ; plate 55, fig. 4. 
Benthopecten polyctenius Fisher, 1913o, p. 208. 

Diagnosis. — Closely related to B. violaceits (Alcock), but differing 
in having abactinal pedicellariae, inferomarginal pedicellariae far 
along the ray (in adult specimens), more numerous furrow spines, 
and 20 instead of 24 adambulacral plates to the first 10 inferomargi- 
nals. R=224 mm., r=18 mm., R=12+r; breadth of ray at base, 
23 mm. Abactinal area of large specimen with numerous large 
pedicellariae extending far along ray; abactinal plates with 4 to 8 
short spinelets, and scattered spines on disk only; superomarginals 
with 1 spine, together with 2 unequal accessory spinules and 3 or 4 
slender spinelets proximally, and only 1 accessory spinule over most 
of ray; 2 inferomarginal spines; 2 subambulacral spines, with often 
a third, smaller accessory; furrow spines 13 or 14 (9 or 10 on first 2 
plates) ; 7 or 8 oral spines and 3 to 5 suboral spines ; 20 adambulacral 
plates correspond to the first 10 inferomarginals, omitting the odd 
plate. 

Description of type. — ^Abactinal area with only short spinelets on 
rays and a few scattered spines on disk, the largest on the primary 
basal plates. Plates of ray with commonly 6 to 8 very short spine- 
lets, which become abruptly longer and thicker on the papular area 
of disk and base of ray, where there are usually 4 to 6 to a plate. 
The spinelets are round tipped, slightly roughened, and invested 
with membrane. The spines of the disk are surrounded by upward 
of 10 spinelets. Numerous large pedicellariae composed of 2 or 8 
combs of about 5 to 7, slightly curved, pointed or blunt spines are 
scattered over disk and for a variable distance along the median 
line of ray — ^usually nearly to the end. The pedicellariae on the disk 
are 1.75 to 2.25 mm. in diameter. 

Papulae distributed all over disk and on the ray as far as the 
fourth superomarginal, the distal margin of the area being two- 
lobed. 
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Superomarginal plates confined to side wall of ray, and much 
longer than high. Each bears a long, slender, tapering spine, dose 
to the upper margin, 8 or 9 mm. long (equal to about 1} plates in 
length). The first 4 plates have usually 2 unequal, accessory spines, 
together with 8 or 4 slender spinelets. Beyond this point there is at 
first 1 accessory spine, much shorter than the principal spine, and 
gradually this decreases in size and merges in with the 2 or 3 spine- 
lets which accompany the principal spine. The interradial plate is 
higher than the rest and bears at the upper end 4 prominent spines, 
one of which is generally larger than the rest. 

Inf eromarginals very nearly opposite superomarginals, not alter- 
nate as Alcock states is the case with violaceus. Inferomarginal 
spines 2, the lower the shorter. Very conspicuous pedicellariae with 
2 semicircular or arcuate combs (containing upward of 10 spines) 
are present on the transverse suture between nearly all the infero- 
marginal plates except the last dozen. The general surface of the 
marginal plates is bare except for a few widely scattered spinelets. 

Actinal intermediate areas small, with 8 to 12 large pedicellariae. 
The plate3 bear 1 to 3 slender spinules. 

Furrow spines 8 or 9 on the first 2 plates, gradually increasing to 
13 or 14. They are very slender and bluntly tipped. Subambu- 
lacral spines usually 2, commonly 4.5 mm. (or 2.5 plates) long. A 
third small spine, about as large as a furrow spine, stands at outer 
end of series and is sometimes enlarged into a regular suboral; an- 
other small spine usually stands on the adoral half of the plate, near 
the above series. Twenty adambulacral plates correspond to the 
first 10 inf eromarginals, omitting the odd plate. 

Mouth plates with 7 or 8 marginal spines and 3 to 5 suboral spines, 
the latter in a series along the middle of the rather narrow exposed 
surface, with 1 spine between the innermost spine and the inner 
aboral corner of the plate. The 2 inner spines of the marginal series 
are enlarged. 

Madreporic body convex, prominent, situated its own diameter 
from the marginal plate; striae fine, irregular. There is a tuft of 
prominent unequal spines on the adcentral side of the madreporic 
body. 

Variaticma and yovm,g. — The type is a very large specimen. The 
chief differences in the younger examples are: Fewer abactinal 
pedicellariae (comfined to papular area) ; usually fewer spinelets on 
abactinal plates ; papulae extending to about the inner end of third 
superomarginal; less conspicuous accessory superomarginal spines; 
inferomarginal pedicellariae confined to base of ray (in small speci* 
mens) or interrupted and irregular in occurrence on the outer part; 
fewer furrow spinelets (7 to 9 in a specimen with B=:80 mm. an4 
a maximum of 11 in another with R=120 mm.) ; as few as 2 actinal 
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interradial pedicellariae, or even none in a specimen with B equal 
to 35 mm. 

Type.—CB,t No. 82680, U.S.N.M. 

Type-localittf.—Ststioix 6654, Gulf of Boni, Celebes, 805 fathoms, 
bottom not recorded, bottom temperature 88.3^ F. ; 12 specimens. 

Distribution. — ^Enown only from type-locality. 

SpecimenB examined. — ^Twelve, from type-locality. 

Remarks. — The largest specimen differs very markedly from B. 
violaceua (Alcock) ; but the type of the latter has B about 100 mm., 
and when comparison is made with an equal-sized example of the 
present form, the differences are by no means so striking. The type 
of B. violaceus is probably but half grown. A large specimen would 
very likely have more numerous pedicellariae, more numerous ab- 
actinal spinelets, and more numerous furrow spines. 

The following are the differences between B. violaoeus and B. 
fdycteniue of equal size : 

B. violaceu8. B, polyetenUu. 

24 adambnlacral plates correspond 20 adambnlacrals correspond to first 
to firat 10 Inf eromarginala. 10 inf eromarginals. 

No abactinal pedioeUariae. Abactinal pediceUariae few, on disk 

only. (In the type, nnmerona on disk 

and rays). 

Intoomarglnal pedicellariae In In- Inferomarglnal pedicellariae in in* 

terbrachial arcs only. terbrachial arcs and far along ray also. 

Furrow spines, 7 or 8. Farrow spines, 9 to U (as high as 

13 or 14 in type). 

B. polyctemus belongs to the genus PararchoBter^ as defined by 
Ludwig (I&IO, p. 462). In his key the species would follow directly 
after violacetis, with the differential characters just cited. 



B8NTHOPBCTBN STTRACTOS ] 

Plate 53, fig. 2; plate 55, figs. 3, 3a. 

Benthopecten styracius Fisbeb, 1913c, p. 208. 

Diagnosis. — Similar in general appearance to B. violaceus^ but 
with numerous abactinal pedicellariae, and very large odd inter- 
radial superomarginal spines; differing from B. polyctenius in hav- 
ing only I or 2 spinelets to each abactinal plate of the ray, much 
larger interradial superomarginal spines, no accessory superomar- 
ginal spines, fewer inferomarginal pedicellariae (none on outer part 
of ray), fewer furrow spines. B=105 mm., r=10.5 mm., R=10 r; 
breadth of ray at base, about 10 mm. ; odd interradial superomarginal 
spine, 17 mm. long. 

Description. — ^Abactinal surface in general resembling that of 
equal-sized specimens of B. polyctenius^ but the prominent spines 
of disk and basal portion of ray (papular area) fewer and smaller. 

13434— BuU. lOO— 19 ^15 
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Spinelets fewer, there being only 1 or 2 to a plate beyond the papular 
area, and on papular areas (including center of disk where papulae 
are absent) there are 1, 2, or 3 spinelets to a plate. On the scattered 
plates which have small spines there are 1 to 8 small spinelets in 
addition. In B. polyctenius^ of the same size, the plates of ray have 
upward of 5 spinelets, and on the disk 2 to 5. On the disk and as 
far along ray as papulae extend are rather numerous prominent 
subcircular pectinate pedicellariae composed of 2 or 3 combs having 
each 3 to 5 acute spinelets. 

Papulae extending to distal margin of third superomarginal plate 
(second in cotype), a little farther than in a comparable specimen 
of polyctemus. 

Superomarginal plates in form and posture closely resembling those 
of B. polyctemus^ but the accessory spines lacking, there being only 
a small spinule on the first 2 or 8 plates. The odd plate bears a rela- 
tively immense sharp spine (14 to 17 mm. long), as long or longer 
than diameter of disk, and the most characteristic feature of this 
species. This spine is about 7 mm. long in a comparable specimen 
of B. polyctenius. 

The inferomarginals bear 2 spines, the lower one-half to three- 
fourths the length of the upper, similar to those of B. polyctenius. 
The plates of outer third of ray are very slender and bear, as a rule, 
only 1 spine. Between the plates of proximal half of ray is a pecti- 
nate pedicellaria, but these may be absent from a number of plates, 
their occurrence being subject to variation. 

Actinal interradial areas small, bearing each 2 large pectinate 
pedicellariae (one interr^adius has 2.5 pedicellariae). 

Furrow spines 7 or 8, slender, bluntly pointed, the successive 
combs spaced a little less than their base line. (In B. polyctenius a 
comparable specimen has 9 to 11 spines, the combs spaced only one- 
half the length of their base line.) Subambulacral spines 2, the outer 
slightly the shorter, with a third quite small spinule usually present 
adorad of the outer spine. Nineteen to 22 plates correspond to firsi 
10 inferomarginals, omitting the odd plate. 

Oral spines 6 ; suboral, 8, in a series along middle of plate. Th€ 
armature resembles that of B. polyctenius^ which may have a fe^ 
more spines, but the number of spines is variable. 

Madreporic body slightly spaced from the odd superomarginal 
convex, with radiating striae. 

Type.—Csit No. 32631, U.S.N. M. 

Type-locality.— StsLtion 5668, Macassar Strait (lat. 2° 28' 16" S. 
long. 118® 49' E.), 901 fathoms, gray mud, bottom temperature 38.2 
F. ; 2 specimens. 

Distribution. — Known only from the type-locality. 



Digitized by LjOOQ IC 



STABFISHES OF THE PHILIPPINE BBAS. 215 

Remarks.— Although, this species is close to both B. violcweus and 
B, polycteniusj its characters seem to warrant its separation. It 
differs from B. violaceua in having numerous abactinal pedicellariae, 
hrger interradial superomarginal spines, no accessory superomar- 
pnal spines, rather fewer abactinal spinelets, and fewer adambu- 
lacral plates to the first 10 inf eromarginals. That atyracius is a race 
of violacetis is quite within the range of possibility. 

As the foregoing description is largely in the form of a comparison 
between polyctenius and atyracius nothing further need be added. 

Family RADIASTERIDAE Fisher. 

Mimtuierinae Sladen, 1889, p. 331.— Fisheb, 1911 d, p. 161. 
Minuuteridae Verbiix, 1914a, p. 282. 
RadioMteridae Fishkb, 1916a, p. 4. 

Diagnosis. — ^Phanerozonia, with small, subequal, subpaxilliform 
marginals, resembling the Astropectinidae abactinally and the 6a- 
nenidae actinally, but with sucking disks on the tube feet and com- 
plete membranous interbrachial septa, and superambulacral plates; 
abactinal skeleton consisting of penicillate, usually independent, 
paxillae; actinal plates imbricated in transverse series, tabulate, with 
a coordinated tuft of spinelets ; adambulacral armature a coordinated 
tuft of spinelets increasing in length toward the two or three almost 
undifferentiated furrow spinelets; first adambulacral somewhat com- 
pressed ; mouth plates rather astropectinoid, with a straight or angu- 
lar marginal series of spines, with or without an unpaired median 
spine at the inner angle. 

Remarks. — In respect to its systematic position Mimaster Sladen 
has been a rather restless genus. Sladen recognized its curious com- 
bination of apparently incompatible characters and made it the type 
<rf a subfamily of the Pentagonasteridae. It has been variously re- 
garded as belonging to the Archasteridae (Perrier, 1894), Plutonas- 
teridae (Verrill, 1899), and Goniasteridae (Fisher, 1911rf), until re- 
cently it was dignified by being raised to family rank (Verrill, 1914). 
Professor Verrill's disposition seems to be the best way out of the 
difficulty. 

Since the publication of the Asteroidea of the North Pacific, I have 
had the opportunity of examining two true Mimasters, M. tizardi 
Sladen, and M. TiotabUis Fisher, as well as the M. cognatus of Sladen, 
which appears to be generically distinct. 

The abactinal skeleton of Mimaster is strongly astropectinoid, the 
plates being typical penicillate paxillae, but the marginals, while 
perhaps neutral, remind one strongly of the marginals of Cycethra^ 
% resemblance heightened by the actinal and adambulacral armature, 
which is decidedly ganeriid. By having definite sucking disks on 



Digitized by V^OOQ IC 



216 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 

the tube feet Mimaater is removed from proximity to Leptychaster, 
un association suggested by the dorsal surface, including the mar- 
ginals, while it can not be placed in the Ganeriidae because it pos- 
sesses superambulacral plates and lacks the heavily calcified internal 
interbrachial pillar, the reticulated, imbricated, abactinal skeleton, 
and the asterinoid abactinal armature of Cycethra and Ganeria. 

In Mimaster the menibranotis interradial septum forms a complete 
partition from the side wall of the disk to a free margin close against 
the stomach; but in Cycethra and in Ganeria (as in Solaster and in 
Aaterina) there is a rigid pillar running from above the mouth plates 
to the abactinal surface, the coelom being undivided between this 
pillar and the margin (an incomplete calcified septum). 

In this connection I would like to call attention to the resemblance 
between Ganeria and the Solasteridae. The marginal plates of 
Ganeria falklandica are essentially like those of Solaster, and in the 
adambulacral armature we find a very generalized form of the 
peculiar pectinate type of the Solasteridae. The form and armature 
of the mouth plates, the actinal intermediate plates, and even the 
adambulacral plates can, however, be more nearly matched in the 
Asterinidae. The abactinal skeleton, though of an open reticulate 
form, especially on the disk, is more nearly like that of the Aster- 
inidae than like that of the Solasteridae. 

While perhaps in some way related to the Ganeriidae, I think 
Mimaster is well within the Phanerozonia. Gephyreaster^ which I 
formerly associated with it in the Mimasterinae, and Priam/istef 
Koehler seem to belong in this family in a special subfamily, the 
Priamasterinae.^ The internal anatomy of Priamaster has not been 
described. 

The purely nomenclatorial side of the matter is complicated bj 
Radiaster elegans Perrier. Through the kindness of Dr. H. L. Clarli 
I have examined the type (unfortunately dried) in the Museum oi 
Comparative Zoology (No. 909, Dominica, West Indies, 982 fath 
oms). From every outward indication this species is a t}T)ica 
Mimaster. Radiaster has one year priority. 

Subfamily Radiasterinae Fisher. 

SYNOPSIS or THB QltSVtUL OW BAOIASTBRINAB. 

a\ Qonads conflued to tlie disk and cousisting of several tufts springing froi 
a common point close to the interbrachial septum; hepatic coeca wit 
long subdlTlsions, so that each ray appears to have from six to ten sepf 
rate coeca of unequal length; tube feet with well-developed suckin 
disks ; lateral abactinal plates not cruciform nor regularly imbricated. 

Radiaster * Perrle 



iPlsher, 1917d, p. 172. 

* Component species : Radiaster elegans Perrier, genotype ; R, tizardi (Sladen) ; A. not 
bilis (Fisher). 
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a\ Gonads consisting of numerous tufts extending in a radial series near the 
superomarglnal plates for over half the length of the ray; hepatic coeca 
two, not appearing multiple on account of long subdivisions as in the 
preceding; tube feet with very small sucking disks; lateral abactinal 
plates distinctly four-lobed, regularly imbricated Mimdstrella^ Fisher. 

GeauB RADIASTER Perrier. 

Badiaster Perkier, 1881, p. 17. Type, R. elegans Perrier. — Fisher, 1916a, 

p. 4. 
Mimasier Sladen, Proc. Royal Soc Edinburgh, vol. 11, 1882, p. 702. Type, 

M. tizardi Sladen ; 1883&, p. 579, pi. »4 ; 1889. p. 331. 

RADIASTEB KOTABHIS (Fiaher). 

Plate 41, figs. 6, 6a ; plate 57, fig. 2 ; plate 58, fig. 1. 

Minuuter notabilU Fisher, 1913a, p. 624. 
Radiatter notahUU Fisher 1916a, p. 5. 

Diagnosis. — ^Differing from R. tizardi (Sladen) in having much 
slenderer rays, more numerous paxillar spinelets, more prominent 
paxilliform marginal plates, a narrower actinal intenqpdiate area 
on ray, and fewer adambulacral spinelets. E=104 mm., r=35 mm., 
B=3 r ;'breadth of ray at base, 39 mm. Paxillae spaced with upward 
of 75 delicate, terete, pointed spinelets, either closely appressed in a 
cylindrical upright group or radiating and forming a subglobdse 
crown; marginal plates small, paxilliform, the inferomarginals the 
larger, about as high as the length of the base, and standing out 
horizontally from ambitus ; the crown of spinelets compressed, wider 
than long; actinal intermediate plates in 10 or 11 very regular 
chevrons and extending to the end of the ray; halfway along ray 
about 5 actinal intermediate plates in a transverse series (8 or 9 in 
tizardi) ; intermediate plates with spaced, cylindrical, upright paxilli- 
form groups of slender spines; adambulacral armature resembling 
that of M. tizardi^ but with 13 or 14 (instead of 15 to 20) spinelets, 
2 or 3 of which (about 1.5 plates in length and considerably stouter 
than the rest) occupy the furrow margin. 

Description. — ^Paxillae spaced; spinelets numerous, very delicate, 
terete, pointed, forming sometimes a cylindrical flat-topped group 
and sometimes from their radiating position a more or less hemi- 
spherical group. The abactinal surface very greatly resembles that 
of a Dipsacaster. The paxillae are arranged at the sides of the area 
in a sort of quincunx — ^in series oblique to the radial line, but in 
series trending both distad and proximad from any given point. The 
paxillae are a little smaller on the center of disk than toward the 
margin, where the longest are found, but the difference is not great. 
One of the larger paxillae has between 50 and 75 very delicate, sharp, 

sFlBher, 191 6a^ p. 6; genotype, Mimofter eognf^tut Sladen. 
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practically capillary spinelets, slightly shorter to slightly longer 
than the stout cylindrical convex pedicel. On the outer part of the 
ray the pedicel is usually shorter than the spinelets. The madreporic 
body is covered by about 20 very large paxiUae, which stand on its 
surface and about the edge. The spinelets are delicate and very 
numerous and when the crown is expanded it is 2 or even 3 times as 
broad as that of an ordinary paxilla. The papulae are numerous and 
distributed all over the abactinal area. 

The bases of the paxillae are very irregularly lobed and are 
separated one-fourth to one-half their diameter. On the margin 
of the area the plates are sometimes subquadrate in general form, 
but elsewhere the plates are roundish with 5 .or 6 short lobes or are 
quite irregular. 

Marginal plates small, paxilliform, both series confined to the 
ambitus; margin of ray tliin, formed by the united bases of the 
marginal paxillae. Superomarginal paxillae, 52 or 63, proximally 
with the crown wider than long, distally with the crown cylindrical. 
The spinelets are a little longer than the pedicel. Each superomar- 
ginal stands directly above and close to the corresponding infero- 
marginal which is half again as large, and consecutive pedicels are 
separated by 1 or 2 times their diameter. The inferomarginal 
paxillae are wider than long at the crown and are about as high 
proximally as the distance between the middle of one crown to the 
middle of the next. These paxillae greatly resemble the marginal 
paxillae of Solaater. The inferomarginals define the ambitus while 
the superomarginals are dorsal in position. Terminal plate sub- 
circular, with a shallow notch on the side toward paxillar area. It 
is covered with short spinelets. 

Actinal interradial areas large, but narrower on ray than in B. 
tiaardi. A single series of plates reaches the end of ray. The plates 
are arranged in very regular series, corresponding to the adam- 
bulacral plates, and extending to the marginals but not correspond- 
ing to them. The first 10 inferomarginals correspond to about 14 
series of intermediate plates. The intermediate plates also form 
regular longitudinal series or chevrons. The first chevron has paired 
interradial plates behind the mouth plates, but most of the other 
chevrons have an unpaired plate at the apex, interradially, though 
sometimes out of place slightly. There are 10 or 11 of these chevrons, 
the outermost very small. Halfway along the ray in R. tizardi 
there are 8 or 9 plates in a transverse series; in R, notabUis only 5; 
three-fourths the length of ray, in tizardi^ 5 or 6 plates in a trans- 
verse series, and in notabUis^ only 2 or 3. Each plate bears on a low 
eminence a cylindrical, paxilliform, penicillate group of 20 to 25 
slender, sharp, closely coordinated spinelets, the peripheral about 
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half as long as the central. The groups are spaced 1 to 2 times 
their diameter. The spines are much longer than the low tabuliun. 
The appearance is very similar to that of R. tizardi^ there being shal- 
low channels between consecutive transverse rows. From the coe- 
lomic side the plates are seen to imbricate strongly in the transverse 
series and slightly in respect to the plates on either side. 

Adambulacral spines 18 or 14, slender and pointed, in an upright 
coordinated group and decreasing very rapidly in length from the 2 or 

3 on the furrow margin (equal to 1^ plates in length) to the 3 or 

4 small spinelets on outer edge of the group. In some groups an 
arrangement in 4 longitudinal series is evident. The shape of tiie 
groups is subcircular or roughly three-sided, and they are spaced from 
one another about half the length of the plate. The tips of the 
marginal spines are slightly compressed. 

Mouth plates narrow, densely covered with slender, tapering, 
bluntly pointed, upright spines, which form a coordinated group for 
each pair of plates. The outer margin of each plate has only a 
slight angle between the furrow margin and that adjacent to the 
first adambulacral. The marginal spines proper are 6 or 7, slender, 
slightly flattened, bluntly pointed, the innermost the stoutest; 10 to 
12 smaller spinelets continue this series to the outer end of the plate. 
Another series of similar spinelets follows the margin of the suture 
from the outer to inner end of plate, and an intermediate series is 
present on the outer part of the plate. There are, in all, between 50 
and 60 spines to each plate. 

Hadreporic body large, with an irregular outline, and entirely 
obscured by relatively very large paxillae. It is situated with the 
inner edge about midway between center and margin. 

Gonads in a single tuft on either side of each membraneous inter- 
brachial septum. Superambulacral ossicles, broadly elliptical in 
form, ate present. 

Young. — ^The young specimen from station 5605 has R 10 nmi., 
r 5.5 mm. The spinelets are extraordinarily delicate. The chief 
diff»*ence between this specimen and the adult lies in the fewer and 
relatively longer spines and the much lower tabulum of the mar- 
ginal plates. The rays are, of course, relatively shorter and broader. 
The paxillae have ordinarily 10 to 25 spinelets longer than the 
tabulum. The spinelets of the marginal plates are very delicate and 
in spaced groups on the middle of the convex plates. The proximal 
inferomarginals have a low tabulum, scarcely half as long as the 
spines, which are as long or longer than their plate. The terminal 
plate is prominent and closely covered with delicate spinelets. Ac- 
tinal intermediate plates in 3 chevrons; the spinelets long, delicate, in 
spaced groups. Adambulacral groups of spinelets relatively a little 
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doser than in the adult The spinelets are so delicate and relatiyely 
so much more prominent than in the adult that this small specimen 
might aptly be described as shaggy. 

Type.— C&t. No. 80538, TJ.S.N3f. 

Type-locality. — Station 5680, vicinity of Batjan Island (south of 
Patiente Strait), Molucca Islands (lat 0° 66' 80'' S.; long. 128'' 
05' E.), 569 fathoms, coral sand, mud; 1 specimen. 

Distribution, — ^Molucca Islands and Gulf of Tomini, Celebes. 

Specimens examined. — ^Two ; besides the type an immature speci- 
men from station 5605, Gulf of Tomini, Celebes, 647 fathoms. 

Remarks. — ^It is somewhat startling to find such a near relative of 
the North Atlantic R. tizardi in the Moluccas. So far the genus has 
not been found in the North Pacific, although it most likely occurs 
there. 

As noted in the synopsis of the genera of this family, the Mimaster 
cognatus of Sladen is not congeneric with ttzardi^ but is separated 
by important anatomical features which justify the erection of a 
separate genus. 

Family GONIASTERIDAE^ Forbes, 1841 (emended). 
Subfamily Pseudarchasterinae Sladen, 1889, extended. 

Genus PSEUDARCHASTER Sladen. 
PBeudarchaster Sladen, 1880, p. 100. Type, P«. discus Sladen. 

PSEUDARCHASTEB JOBDANI FIflher. 

Pseudarchaster jordani Fisheb, 1006, p. 1038, pi. 10, figs. 7, 7c; pi. Ifl, 

figs. 2, 2a. 
Aatrogonium fordani Koehler, 1000, p. 40. 

Specimens examined. — ^Five, from the following stations: 

Station 5582, vicinity of Darvel Bay, Borneo, 890 fathoms, gray 
mud, fine sand, bottom temperature 88.3*^ F.; 2 specimens. 

Station 5586, Sibuko Bay, Borneo, 476 fathoms, gray mud, bottom 
temperature 41.1° F. 

Station 6587, Sibuko Bay, Borneo, 415 fathoms, green mud, sand, 
coral, bottom temperature 42.8° F. 

Station 5618, Molucca Passage, 417 fathoms, gray mud. 

Type-locality. — Station 8474, south coast of Oahu Island, Ha- 
waiian Islands, 375 fathoms, fine white sand. 

Distribution. — ^Hawaii to the Molucca Islands, Borneo, and the 
Indian Ocean, off southern India, 375 to 1,085 fathoms. 

Remjarks. — ^The specimens listed above differ from typical jordani 
in a few minor details. All but the example from station 5618 are 

' For a discussion of this family and a key to the genera, see Fisher, 19114, pp. 156- 
174 ; Verrlll, 1914a, pp. 285-289, gives valuable critical notes. 
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larger than the type, that from station 5586 having K=141 mm., 
r=4:l mm. The specimen from station 6687, which is nearest jordani 
in general appearance, has a relatively smaller disk than the large 
specimen, and another, with K=78 mm., from station 5582. 

A comparison of the specimens with Koehler's description of Ps. 
moBcdcus (1909, p. 50, pi. 1, fig. 3) indicates that the principal dif- 
ferences are the presence of superomarginal spines in mozaicus, 
fewer central granules on the abactinal plates, fewer transverse 
series of superomarginal granules, and fewer subambulacral spine- 
lets. However, the large specimen has 4 to 6 short, sharp, lateral 
spines on each of the plates of the interbrachium, these becoming 
reduced to 2 or 3 on the outer part of the ray. None of the others 
show a sign of the spines, yet they appear to belong to the same 
species. 

Koehler writes that all of his 15 specimens of Ps. mozaicus had 
superomarginal spines. Moreover, he states that as the external bor- 
der of the plate is approached, the granules elongate and become 
conical spinelets, among which 1, 2, or even 3 are conspicuous by 
being longer than the others. In the large specimen, above men- 
tioned, the granules do not gradually become longer, but there is an 
abrupt transition at the angle between the dorsal and very low 
lateral face of the plate. In Koehler's figure the spines are plainly 
shown as being spaced on the outer third or even half of the plate. 
In his observations on the Indian specimens of jordani Koehler 
states that on the edge of the plates [outer edge, as I understand it] 
the granules are somewhat elongated and occasionally form small 
pointed cones. His largest specimen had B=64 to 70 mm. ; perhaps 
there is a tendency in the old specimens of this species to acquire 
lateral spines. 

The following differences seems to separate the Borneo and 
Molucca specimens of jordani from Pa. mozaicus as described and 
figured by Koehler. In mozaicus the larger abactinal plates have 
5. 6, or 7 central well-spaced granules, in addition to 20 to 26 slen- 
derer peripheral ones; in jordani there are 8 to 15 central granules 
on the larger plates, and upward of 20 in the largest specimen. 
Koehler states that the granules of the superomarginals form about 
5 transverse series; in jordani I find 7 or 8, and the series are not 
at all regular. In mozaicus the furrow spines are generally 5; 
in jordani 6 or 7. Koehler describes the subambulacral spines as 
fonning 2 series close together and a little irregular, with 2 to 4 
spines in each; 1 or 2 in the first series is much longer than the 
others. This would indicate that the total number of spines does 
not exceed 8 ; 12 to 20 is the usual number in jordani^ although in 
sonall specimens it is less, and they do not form series. Three to 5 
enlarged subambulacral spines stand on the proximal, and 2 or 8 
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on the distal plates of the large specimen of jardoffd^ the other speci- 
mens have 2 or 3 enlarged spines proximally and 1 to 3 distally. 

All the specimens but those from station 5582 have a variable 
nmnber of post-adambulacral fasciolar pedicellariae or pectinate 
f ascioles. These were not well pronounced in the type. 

In conclusion it may be stated that the relationship of Ps. mozaicm 
to P8. jordani is not at all clear. If the specimens collected by the 
Albatross are really all of one species they indicate that the two 
forms approach much closer than heretofore supposed. 

PSEUDARCHASTER OUGOPORUS FlilMr. 

Plate 58, fig. 1; plate 60, fig. 8; plate 91, figs. 2, 2a. 

PaeudarcTiaster oliffoporus Fishxb, 191da, p. 625. 

Diagnosis. — ^Most nearly resembling Ps. pectinifer Ludwig and 
Ps. dissonus Fisher. R=87 mm., r=21 mm., R=4.1 r; breadth of 
ray at base, 24 mm. ; rays slender, long, and very attenuate at the 
extremity; side of ray low, rounded; marginal plates small, espe- 
cially distally, where the superomarginals are confined to side wall 
of ray and are longer than wide, square, or slightly wider than long; 
papular area restricted to center of disk, and petaloid radial areas 
extending about one-fourth the length of ray ; abactinal plates tabu- 
late on papular area, the roundish tabula low, spaced, and bearing 
20 to 30 polygonal granules ; outside of papular area plates elliptical 
or oblong, arranged in oblique transverse series and with very low 
tabulum, or distally none; superomarginal plates with coarse, spaced, 
covered granules; inferomarginals with pointed, conical, appressed 
spinelets, and proximally 8 to 12 appressed sharp spines in a zigzag 
transverse series, these becoming reduced to 1 or 2 toward the ex- 
tremity of ray ; actinal intermediate plates in 6 chevrons, the series 
adjacent to adambulacrals extending to tenth or eleventh infero- 
marginal, each plate armed with 1 to 8 tapering, sharp spines, and 
6 to 20 short, sharp, spaced peripheral spinelets; a variable number 
of plates adjacent to adambulacrals with the transverse sutures armed 
with f asciolate pectinate pedicellariae, the spinelets being short and 
broad tipped; furrow series angular with 8 or 9 short, sometimes 
slightly compressed, blunt, or bluntly pointed spines, and 1 or 2 
tapering, pointed subambulacral spines, surrounded by 6 to 10 
shorter, spaced, pointed spinelets. 

Description. — ^Abactinal plates medium-sized, not at all compactly 
placed, but distinctly spaced. The papular area is relatively small, 
being confined to the center of disk and 5 petaloid radial areas ex- 
tending two-fifths R, or one-fourth the length of ray. Here the 
plates are tabulate, the paxillar crowns being roundish and spaced, 
and arranged in longitudinal and oblique transverse series, the plates 
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decreasing regularly in size from the central area of disk toward the 
margin and toward the end of the ray. Outside the papular areas 
the plates have scarcely any tabulum and the crown of granules is 
elliptical, oblong, or irregular, and arranged in oblique transverse 
series. On the papular area the longitudinal series of plates are 
perfectly distinct, but outside this area can not be easily traced. An 
average large paxilla of the radial series has between 20 and 30 
polygonal granules, some, but not all, on the periphery being in the 
form of short spindets. 

The shape of the abactinal plates varies. On the papular area 
they are subcircular or broadly elliptical, sometimes with very slight 
peripheral indentations. The low plates of the oblique transverse 
series outside the papular areas are irregularly oblong, with angular 
or rounded extremities. In the midradial region beyond the papular 
iireas the plates are oval, elliptical, or various irregular combinations 
of these forms. 

SuperomarginaJs, 56 in number, form a steep, arched bevel inter- 
brachially, and beyond the proximal fourth of ray are confined to 
the lateral wall, very nearly the entire width of the ray being occu- 
pied by the area of abactinal plates. The first 8 or 9 plates are 
wider than long, the width graduaUy decreasing from the first plate 
to the tip of the ray, so that at the middle of the ray the supero- 
marginals are only one-half as wide as at the interradial line. From 
the tenth to twenty-fifth or twenty-eighth plates the length equals 
or slightly exceeds the width, while on the last fourth the width is 
again slightly greater than the length. The plates are covered with 
slightly spaced, circular, convex granules, considerably coarser than 
those of the abactinal plates, and a row of much slenderer ones sur- 
rounds the plate. The grooves between the plates are shallow, but 
well marked. Terminal plate granular, longer than wide, slightly 
saddle-shaped, with 3 terminal spines. 

Inferomarginals small, corresponding to the superomarginals, and 
decreasing in width regularly toward extremity of ray. They are 
a trifle wider than the superomarginals on the middle of the ray, but 
about the same width proximally and distally, and on the outer half 
of ray are very small for this genus, being only a little larger than 
the adambulacrals. The side of the ray is rather thin and rounded, 
and proximally more than half of the height is occupied by the 
superomarginals, but distally each series occupies about half. The 
plates are covered with spaced, pointed, conical, or thickly fusiform 
spinelets, the median area being occupied by a transverse zigzag 
series of tapering, sharp, appressed spinules, 8 to 12, proximally, 
becoming reduced to 1 or 2 on the small distal plates. These spines 
sometimes are most numerous near the outer end of the plate, and 
sometimes form 2 irregular transverse series. 
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Actinal intermediate plates in 5 chevrons and an odd plate adja- 
cent to margin, the plates nearest the furrow being the largest and 
extending to tenth or eleventh inferomarginal, while the second 
series extends to the seventh or eighth. The plates are armed with 
1 to 3 tapering, sharp spines about as long as the width of the plate, 
the periphery being occupied by short, sharp, spaced spinelets. On 
the transverse margins of the first series of plates the spinelets are 
stouter and round-tipped and form, with their companions of the 
adjacent plate, a pectinate pedicellaria over the suture. These fas- 
ciolate pedicellariae are not constant. In the type they extend 
about half the length of the first series, but in the cotype from the 
same station they are confined to the first few plates. The proximal 
pedicellariae have 6 or 7 spines in each comb. 

Adambulacral plates longer than wide, with a very angular furrow 
margin bearing 8 or 9 subequal, rather short, compressed, blunt 
spines. On the outer part of the ray those on the angle of the 
apophysis separate consecutive pairs of tube feet, while the lateral 
numbers have their broader side to the furrow and act presumably 
as protectors of the underlying feet. There are 1 or 2 tapering, 
pointed, subambulacral spines, proximally about as long as the fur- 
row spines, distally longer, partly surrounded by 5 to 10 shorter, 
bluntly pointed, spaced spinelets, which stand on the margin of the 
plate, with occasionally 1 or 2 between the subambulacral and the 
apex of the furrow angle. 

Mouth plates convex actinally, with a broad median suture. 
Furrow spines, 8 or 9, stout, blunt, very similar to the corresponding 
adambulacral spines, the inner 2 or 3 being compressed and slightly 
longer than the others. The unpaired median mouth spine is com- 
pressed, heavy and blunt, and largest of all. A series of 9 or 10 
stout, rather short, pointed spines follows the median suture margin 
and another series of 4 or 5, close to them, continues the furrow 
series along the lateral suture margin. 

Madreporio body small, convex, with coarse ridges, and situated 
a little nearer center than margin. 

Superambulacral plates present. Gonads in a single tuft on either 
side of the interbrachial septum. 

Type.—CKi. No. 80534, U.S.N.M. 

Type-locality.— Station 5609, Gulf of Tomini, Celebes (lat. 0^ 11' 
S.; long. 121° 16' E.), 1,092 fathoms, green mud; bottom tempera- 
ture 36.3'' F. ; 2 specimens 

Distribution. — Known only from the Gulf of Tomini, Celebes, 
1,089 to 1,092 fathoms; bottom temperature 36.3° F. 

Specimens examined. — ^Three; besides the types, 1 from station 
5608, Gulf of Tomini, 1,089 fathoms, gray mud, bottom temperature 
36.3° F. 
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Remarks. — ^This abyssal species has the general form of Ps. pec- 
tmfer Ludwig and Pa. disaonus Fisher, from the east and north 
Pacific. It differs in having longer and slenderer rays, the distal 
< portion being especially attenuate; smaller marginal plates; a very 
restricted papular area ; smaller and distinctly spaced tabulate plates 
on the paxillar area, the others being low and not tabulate, and 
shorter furrow spines. In Ps. diasonus the obactinal plates are very 
compact and the marginal plates are covered with thickened papilli- 
form spinelets so closely placed that the outlines of the plates 
are difficult to discern. The postadambulacral f asciolar pedicellariae 
are valvate or valvate-pectinate, some of them resembling the bi- 
valved pedicellariae of the Goniasterinae and Hippasterinae. They 
are of a very peculiar form, not to be confused with the regular 
spiniform pectinate pedicellariae of oligoporus. In disaoTVUs the 
proximal adambulacral plates are widely spaced so that the inter- 
mediate plates sometimes come to lie near or on the furrow ; and in 
dkaonua the furrow spines are considerably longer than in digo- 
poms. Over a considerable portion of the ray of oliffoporua the 
abactinal plates are low and without distinct tabulum. The small 
papular area is a very characteristic feature of this species. 

The attenuate, long rays and small marginals will readily separate 
cligoporua from teaaeUatua^ mozaicua, jordam^ and myobrachiua. 
PaeudoTchaster roaeua (Alcock) from the Laccadive Sea, 740 fath- 
oms, is a long-rayed form, R equaling 4 r. Koehler (1909, p. 50) 
writes that in the type there are no inferomarginal spines — ^merely 
granules — ^and Alcock describes the adambulacral plates as having 
actinaUy 8 unequal longitudinal series of close prismatic granules. 
Presumably there are no enlarged subambulacral spines. This species 
was described as a Mediaater, Koehler states that it is a Paeudarch- 
aster. From the description it would appear to bear considerable 
resemblance to the new Aphroditaater herein described. It is cer- 
tainly very different from Pa. oligoporua^ which has armed infero- 
marginals and prominent subambulacral spines. 

Genus APHRODITASTER Sladen. 
Aphroditaater Sladen, 1889, p. 116. Type, A. graciUs Sladen. 

APHBODrrASTEB MICBOCESAMTJS FLdicr. 

Plate 58, fig. 2; plate 00, fig. 1; plate 70, fig. 5; plate 91, fig. 1. 

Aphroditaster mAoroceramus Fisher, 191Sa, p. 626. 

Diagnosis. — R=46 mm., r=18.5 mm., R=8.4 r; breadth of ray at 
midinterbrachium, 15 mm. Disk fairly large, with open, rounded 
interbrachia ; rays slender and pointed; all plates covered with a 
close tessellation of flat-topped or slightly convex polygonal gran- 
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nles; no spines except on adambulacral and mouth plates; abactiiial 
area narrower on rays than width of broad, arched superomarginals; 
abactinal plates compactly placed with usually 6 to 8, but sometimes 
as many as 12, polygonal crowded granules, or on outer part of ray 
3 or 4; marginals much broader than long, forming a smooth, evenly 
rounded margin to ray; actinal intermediate plates restricted to 
disk and evenly granular; furrow margin slightly convex proxi- 
mally, decidedly convex distally with 7 to 9 short, stubby spinelets 
and 12 to 14 compact, polygonal subambulacral granules in 8 or 4 
longitudinal series; no specialized subambulacral spines; no pedicel- 
lariae; adambulacral armature resembling that of Ceramaster. 

Description. — ^Area of abactinal plates narrower on ray than width 
of superomarginal plates as seen from above; this narrow band di- 
minishes in width toward the end of ray very gradually, the abactinal 
plates reaching the terminal plate. Opposite the fourth superomar- 
ginal there are 7 longitudinal series of abactinal plates, counting 
across the ray; opposite the eighth, 5, and opposite the twelfth, 3. 
This point is about the middle of the ray; the 8 longitudinal series 
continue to the end, the plates becoming smaller and more closely 
fitted together. Abactinal plates low tabulate, the tabula being ellip- 
tical in cross-section and very much narrower than the crown of the 
few relatively large polygonal, compactly placed granules. These 
granules are about as high as broad and wider at the top than base. 
A large radial paxilla has upward of 12, but usually there are only 
6 to 8, with 1 or none occupying the center; on the outer part of 
ray there are generally 8 or 4, occasionally only 1 or 2. The usual 
form for the paxilla crown is hexagonal, but they are not always 
symmetrical; the largest are on the radial areas. The papulae ex- 
tend only to the fourth superomarginal, and are distributed all over 
the disk. 

The plates of the papular areas are nearly circular in general out- 
line, with 6 short blunt lobes by which they are in contact, or slightly 
overlap. Outside the papular areas the carinal plates are circular 
or hexagonal, while the laterals are longer than broad, elliptical in 
shape, somewhat like half a hexagon. 

Superomarginals, 87 in number, are wide and short, encroach con- 
spicuously upon abactinal area, and form an arched border thereto; 
the lateral face is lower than the width of the dorsal, and passes 
very gradually into it. Plates covered with a close mail of mostly . 
hexagonal granules, about the size of those of abactinal plates, in 
5 or 6 not clearly defined transverse series, proximally, becoming 
reduced distally to 4, 8, and 2. The surface of the plates is smooth 
and the granules of neighboring plates are fitted so tightly together 
that no channel is perceptible. Terminal plate, elongate, elliptical, 
covered with closely placed granules. 
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Inferomarginals much wider than long, and corresponding to the 
gaperomarginals, covered with similar granules, a little smaller and 
more numerous actinally. No specialized spines. 

Actinal intermediate areas small, the plates in series extending 
from adambulacrals to the inferomarginals, and less regularly in 
series paraUel to the furrow ; that adjacent to the adambulacrals end- 
ing opposite the suture between the third and fourth inf eromarginal ; 
the next series ending between the second and third. There are 5 
chevrons altogether, with the beginning of a sixth, but no odd inter- 
radial plates in any of the chevrons. Plates with a uniform covering 
of granules similar to those of the inferomarginals, but not quite so 
dose together. 

Adambulacral plates about as wide as long, except the first 2 or 3, 
which are wider than long. Furrow margin only sliglitly convex 
proximally, gradually becoming decidedly convex pn the outer half 
of the ray. Furrow spines, 7 to 9, usually 8, about half as long as 
width of plate, subequal, compressed, blunt, the laterals the heavier, 
and with the side to furrow ; the central spines are 4-sided in section, 
the narrow sides exposed. Subambulacral granules polygonal, in 
3 or 4 longitudinal series, the granules increasing in length slightly 
toward the furrow, and with flat or convex tips. There are 12 to 
14 subambulacral granules and they are very similar in form to the 
adjacent actinal intermediate or inferomarginal granules. No en- 
larged or specialized subambulacral spines are present, but the last 
dozen plates have the last or next to the last of the 5 or 6 furrow 
spinelets enlarged into a short clavate spinule, following a tendency 
which is usually exhibited by the subambulacral spines or granules of 
the Goniasteridae — ^namely, of having an enlarged subambulacral 
spine on the outer part of the ray even if none are present proximally. 

Mouth plates narrow, with a pointed, clavate, robust, median, un- 
paired tooth, and on either side 2 successively shorter spines. Fol- 
lowing these, facing the furrow rather than the actinostome, is an 
independent series of 5 slender, slightly flattened, subtruncate spines, 
increasing in length and appressed against the suboral spines. A 
series of 8 or 9 of the latter follow the median suture margin, the 
onter 4 or 6 granuliform, while the furrow series is continued along 
,the lateral suture by 4 or 6 granules, 2 or 8 slender spinules forming 
sn intermediate series at the middle of the plate. 

Typ^.— Cat. No. 30535, U.S.N.M. 

Type'locality.— Station 5648, Buton Strait, Celebes (lat. 5° 85' S.; 
long. 122^ 20' E.), 559 fathoms, green mud, bottom temperature 
39a**; 1 specimen. 

Remarks. — ^This species differs from Aphroditaster ffracUis Sladen 
(Azores, 1,000 fathoms), in having larger, fewer, and more compact 
abactinal granules, polygonal in form ; shorter marginal plates armed 
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with flattish, polygonal, compact granules (spinelets on inferomar- 
ginals of gracilis) ; compact, polygonal, actinal intermediate, and 
subambulacral granules, rather than spinelets; and in lacking the 
postadambulacral fascioles. 

The ^'postadambulacral fascioles" are identical with those of 
Pseudarckaster and are now known to be incipient pedicell&riae 
In Pseudarchaater they are in some species constantly present, while 
in others they are not; not all species have them. In AphroditasUr 
the fasciolar pedicellariae are not of generic importance, as shown 
by their presence in A. gracUia and their absence in the present 
species. 

Aphroditaster agrees with Paevdcarchaster in general appearance 
and in having an odd tooth at the inner end of the combined mouth 
plates. It differs in having a straight or only slightly curved furrow 
margin to the adambulacral plates, an even comb of furrow spines, 
and no specialized or enlarged subambulacral spine or spines. The 
two genera are very close, and I doubt if the young of some species 
of Pgevdarchaster could be distinguished generically from young 
Aphroditaster. 

Genus PARAGONASTER Sladen. 

Paragonaster Sladen, 1889, p. 310. Type, P. ctenipes Sladen. 

KEY TO THB BPBCIES A.ND SUBSPICIIS OF PABAOONASTBB HBBBIN DBSCBIBBD. 

a\ Proximal plates of tbe single series which separates the superomarglnals 
wider than long, and conspicuously wider than the adjacent radial plates 
of disk; peripheral granules of the plates of papular area smaller than 
the central granules; the two sorts subequal elsewhere; central granules 
slightly spaced, not compact; numerous Inferomarglnal and actinal lnte^ 
mediate spines; fasclolate pedicellariae between nearly all the adambu- 
lacral plates hypaoanihus, p. 228. 

a\ Proximal plates of the radial series of ray narrower than long and narrower 
than the adjacent radial plates of disk; peripheral granules of all the 
abactinal plates smaller than the central, which are very compactly 
placed; very few Inferomarglnal and no actinal Intermediate spines; 
Incipient fasclolate pedicellariae between the first few adambulacral 
plates only, rudimentary distally atenoatiohus, p. 282. 

PARAGONASTEB CTEmPES HTPACANTHUS, Fisher. 

Plate 70, fig. 3 ; plate 71, fig. 2 ; plate 72, fig. 1 ; plate 91, figs. 9, 9a. 

ParagonaMter ctenipea hypaoanthua Fisher, 191da, p. 627. 

Diagnoaia. — Closely resembling P. ctenipea Sladen, but differing 
in having more nmnerous granules on the abactinal plates, more 
numerous and conspicuous inferomarglnal spinules and smaller and 
more distantly spaced inferomargihal granules, a prominent central 
spine on many of the actinal intermediate plates, and proximally 2 
enlarged subambulacral spines. R=88 mm., r=19 mm., K=4.6 r; 
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breadth of ray at midinterbrachium, 22 mm.; at inner limit of the 
single row of abactinal plates (distal margin of fourth superomar- 
ginal plate) 12.5 mm., or length of first 6.3 superomarginals meas- 
ured on ambitus (varies to 5) ; general form as in ctenipes, but rays 
a little slenderer; abactinal plates with 15 to 25 central and 25 to 30 
peripheral granules, which are slenderer on the papular areas; distal 
carinal plates of disk with upward of 40 central and 35 to 45 pe- 
ripheral granules; inferomarginal plates with proximally 6 to 10 
oppressed sharp spinules, reduced to 3 or 4 at middle of ray, then 2, 
a single spinule persisting to near end of ray ; furrow spines 7 or 8, 
continued along the transverse margins as smaller interlocking 
spinelets; subambulacral spines prominent, slender, tapering, sharp, ' 
proximally 2, distally 1 ; in small specimens 1 throughout. 

Description. — P. cterUpea was described from a comparatively 
small specimen (B 48 mm.). A comparison of an equal-sized ex- 
ample of hypacanthus with Sladen's figure of P. ctenipes (1889, pi. 
51, figs. 5 and 6) shows that the latter is of stouter build with slightly 
broader superomarginal plates, especially interbrachially. The 
abactinal area circumscribed by the marginal plates is arcuate pen- 
tagonal, the amount of indentation being variable, but slight. 
Abactinal plates with more numerous granules than in ctenipea. A 
median radial plate about halfway from the primary radial to base 
of ray has about 25 to 30 peripheral and 15 to 25 central granules, 
much the same shape as in ctenipeSj but on the radial papular area 
the marginal granules are much slenderer than the central. On the 
center of disk and a narrow interradial area the marginal granules 
are as in Sladen's figure (pi. 58, fig. 1). The number of granules 
increases from the primary radial to the rectangular plates separat- 
ing the superomarginals and then gradually decreases along the ray. 
The 2 or 8 plates preceding the rectangular carinals have 35 to 45 
rather slender peripheral granules and upward of 40 larger round, 
tnmcate, spaced ones. In medium-sized and relatively small speci- 
mens the number is not greatly reduced. A specimen from station 
^420, about the size of Sladen's type of otenipeSy has 23 central and 
28 peripheral granules on a primary radial plate. The lateral plates 
decrease gradually in size toward the margin, and those of the cen- 
ter of disk are a trifle smaller than the radial plates. All the 
abactinal plates are distinctly tabulate, although the tabulum is low. 

Papulae absent from the ray, center of disk, and a narrow inter- 
radial band; present, in sixes about each plate, forming a broadly 
oval radial area, reaching nearly to interbrachial septmn. Plates of 
papular areas with 6 short lobes by which they touch, the lobes 
decreasing in size as the distal carinal plates of the disk broaden. 
The other plates of disk are roundish or slightly hexagonal and 
closely fitted together; those of the ray are rectangular. 
13434— BuU. 100—19 16 
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The superomarginals, 44 to the ray in the type, are all broader 
than long, as in cterdpes^ the fourth or fifth being the widest, beyond 
which they very gradually decrease in breadth, being separated by 
but a single series of flat granulose plates, wider than long for about 
half the ray, and square or slightly longer than wide on the outei: 
half. There are 56 to 63 of these plates in the 2 largest specimens, 
and they vary from a trifle less to a shade more than half as wide 
as the adjacent super omarginal. The granules are spaced more than 
their width and are similar to those of the superomarginals. The 
superomarginal granules are rather deciduous, truncate, roundish, 
and spaced one-half to decidedly more than their own diameter, 
especially distally. One can count 8 to 10 granules in the length of. 
a plate, not including the very regular peripheral series bounding 
the narrow well-marked groove between the plates. Terminal plate 
obovate, granular. 

The inferomarginals correspond to the superomarginals and on 
the rays are narrower. Beyond the third or fourth plates they are 
in contact with the adambulacrals, and 13 of the latter correspond 
to 10 inferomarginals at the middle of the ray. The plates are cov- 
ered with small granules, rather widely spaced on the inner third of 
the plate; and judging by Sladen's figure (pi. 53, fig. 2), much 
smaller, more spaced, and less squamiform than in ctenipes. The 
granules are shorter in proportion to the width and in form are 
somewhat thimble shaped, the ends being sometimes swollen. The 
plates have 6 to 10 slender, sharp spinules arranged in a zigzag series 
or 2 irregular series the whole width of the plate and decreasing 
slightly in length from the inner to outer sides of the plate. They 
are two-thirds to about the length of the outer end of the first plates 
and decrease in number distad, there b^ing 8 or 4 at the middle 
of ray, then 2, a single spinule persisting to near the end of the 
ray. As they are very deciduous, their presence on the outer part 
of the ray can be detected usually oidy by the scar. These spinules 
are more numerous and conspicuous and are distributed much farther 
along the ray than in cterdpes. 

Actinal interradial areas increasing in size with age; in the largest 
specimens the plates extend aborally 3.5 to 4.5 inferomarginals, and 
there are 5 chevrons, without an odd interradial plate at the apex. 
Plates covered with uniform spaced, small, clavate, papillifonn 
spinelets bent toward the margin. Nearly all the plates of the 2 
chevrons nearest the furrow, and a variable number in the other 3 
also (sometimes nearly aU, sometimes 2 or 3 only) bear a slender, 
sharp, appressed spinule directed toward the margin. These are 
usually absent in specimens in which K is less than 50 nun. The 
spinules are absent in P. ctenipes^ but the type is smaller than any 
specimen of hypacanthus^ which has them well developed. 
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Adambulacral plates similar to those of ctenipes^ but narrower, 
those of the disk being about as wide as long, except the first 3 or 4, 
which are increasingly wider than long as the mouth is approached. 
On the outer part of ray the plates are longer than broad. Furrow 
spines 7 or 8, the laterals round tipped with flat side to furrow, the 
1 or 2 mesial spines with the edge thereto, as in ctenipes. The trans- 
verse margins of the plate are armed with 5 to 8 subterete spinelets, 
sometimes slightly compressed near the furrow, interlocking with 
those of the next plate over the suture. On the ray this number is 
reduced to 2 or 3 (occasionally upward of 5), and they do not inter- 
lock. The large specimens have proximally 2, rarely 8, prominent, 
tapering, sharp spines, about as long or a little longer than the plate, 
arranged in a transverse series. On the distal half of ray there is 
but 1 to a plate. Five to 8 or 9 small spinelets, like those of the 
actinal intermediate plates, are scattered on the surface. Specimens 
having B less than 60 mm. usually have but 1 subambulacral spine, 
though occasionally 2 proximally. 

The mouth plates are substantially as described by Sladen for 
P, ctenipes^ but there is an odd tooth at the inner end of the com- 
bined mouth plates, which he probably overlooked, as it is not so 
prominent as in Pseudarchaster. 

Madreporic body surrounded by 7 or 8 plates, larger than the adja- 
cent basal plate, and situated halfway between center of disk and 
inner edge of superomarginals; ridges relatively few, irregular, 
slightly branched, and radiating from center. 

Anatofmcal notes. — Hepatic coeca short, confined to disk; stomach 
with one chamber; intestinal coeca 8 or 9 parted, the lobes short, 
irregular, sublanceolate in form, with slight marginal lobules. 
Gonads in a single tuft, on either side of the membranous inter- 
brachial septa near the margin. Superambulacral plates elliptical, 
closely superimposed on the actinal intermediate plates and only 
touching the ambulacral ossicles. They are about half as long as the 
lower end of the ambulacral plates, are covered with tissue, are 
invisible unless treated with caustic potash, and do not extend beyond 
the fourth inferomarginal. 

Type.—C2X. No. 80536, U.S.N.M. 

Type-locality. — Station 5273, off western Luzon, 27 miles south- 
west Corregidor Light, 114 fathoms, mud, shells, and coral sand; 
lq>ecimen. 

Distributiofu — From Lingayen Gulf, west coast Luzon, to Cebu 
and Bohol, Philippine Islands, 114 to 172 fathoms, on green mud, 
gray mud, sand and mud, and globigerina. Temperature range, 52.3® 
to 59°. 

Specimens examined. — Thirty-three, in addition to the type. 
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Station. 


Locality. 


Depth. 


Nature of 
bottom. 


No. 


Bottom 

tempera- 

tuxe. 


6117 


Balayan Bay, southern coast Luson 


OfM. 
118 
174 
136 
145 
162 
150 
166 

175 
127 
172 






• F. 


6197 
6266 


Off western Bohol, 22 mllas north Baliscasag Island. . 
Batangas Bay, Luzon 


Green mud.... 

Sand, mud 

Green mud 

do 

do 

Gray mud, 
sand. 

Green mud 


64.3 


5411 


Between Cebu and Bohol 


55.2 


6412 


do 


64.8 


6416 


do 


64 4 


6417 


do 


64.4 


6419 


do 


64.5 


6420 


do 


50 


6440 


Mouth of Lingayen Qulf, west coast Luzon 


Fi n e gray 
sand, globl- 
gerina. 


62.3 









Remarks. — Paragonaster cterdpes was dredged by the Challenger 
in the Arafura Sea between the Ki Islands and Banda Islands, in 
140 fathoms, blue mud. Although no intergrading forms between 
it and hypacanthvs have been found, the very close similarity be- 
tween the two seems to indicate a conspecific relationship. At the 
same time, in spite of minor variations, the special characters of 
hypacarvthus tire constant in mature- examples, over a considerable 
geographical area. 

PABAGONASTEB 8TENOSTICHUS Flaher. 

Plate 60, fig. 2 ; plate 70, fig. 2 ; plate 71, fig. 1 ; plate 01, figs. 10, 10a. 
Paragonaster stenostichus Fisher, 1913a, p. 627. 

Diagnosis. — Differing from P. ctenipes in having the abactinal 
plates of slender portion of ray, narrower than long, and proxi- 
mally narrower than the adjacent radial plates of disk, instead 
of broader; in having more numerous, crowded, and coarser central 
granules, and slenderer peripheral granules; and in having nar- 
rower adambulacral plates, lacking the characteristic f asciolate pedi- 
cellaria of cterdpes^ except in a less specialized form on the first 
few plates. R=45 mm., r=12.5 mm., R=3.6 r; breadth of ray at 
midinterbrachium, 14 mm.; at distal margin of fourth superomar- 
ginal (the proximal end of the slender portion of ray), 8 mm., oi 
length of first 5.5 superomarginals measured on ambitus. 

Description. — Abactinal area pentagonal or arcuate pentagonal: 
abactinal plates comparatively large, all strongly tabulate and pax- 
illiform, arranged very regularly in close-set rows parallel to the 
radial series, and also in series proceeding obliquely from the radial 
series to margin. Radial plates the largest, increasing slightly in 
size distad up to the point where the adradial series end, and only 
the radials separate the superomarginals. Here they become nar- 
rower, longer than wide and continue to decrease very gradually 
in size to the end of ray. Moreover, these plates are slightly tabu- 
late, proximally, with a well-defined groove separating them from 
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the marginals, and the granules of the slightly convex crown are 
similar to those of the radial plates of the disk, although the crown 
itself is of different form, being oblong or elliptical. In P. cterdpes 
and P. ctenipes hypa/xunthus the radial plates of the ray are abruptly 
wider than those of adjacent portion of disk, always conspicuously 
wider than long proximally, flat, not at all tabulate, and are covered 
with spaced, small granules, precisely like those of the abactinal 
plates. The paxillar crowns on disk are subhexagonal to roundish, 
slightly convex, and in the radial series have 18 to 25 close-set, 
coarse, irregularly polygonal central granules and 20 or 25 much 
smaller, slenderer, unequal peripheral ones, usually in the form of 
tiny spinelets. Near the margin the central granules are reduced 
to 5, 6, 7, or even to 2 or 3 on plates adjacent to the marginals. 
The primary basal plate adjacent to the madreporic body is the 
largest on disk and has 35 or 40 central granules. 

Papulae restricted to oval or subcircular radial areas, not reach- 
ing the beginning of narrow part of ray. The plates of the radial 
areas are strongly stellate with 6 pointed lobes which touch those 
of the neighboring plates. The other abactinal plates are roundish 
to subhexagonal and rather tightly fitted together. 

Superomarginals 28, massive, well-arched, and tumid on disk, 

slightly tumid on ray, all wider than long, increasing in width as 

well as in length up to the fourth and fifth, thence decreasing very 

gradually in width, and even less rapidly in length up to end of ray. 

In the type the superomarginals from the fifth plate on are separated 

i only by the radial series of abactinals ; in small specimens from the 

\ third on. Width of first plate equal to length of first 3 measured on 

I ambitus. The lateral face of plates is low, half or less than half the 

width of dorsal facet, the margin of the ray and disk being evenly 

I rounded, and owing to the slight tumidity of the plate, each is very 

I distinct, the ray appearing constricted at the transverse sutures, or 

I 'cingulate," as if the ray were jointed. This is especially marked 

I in small specimens. Plates covered with closely placed, polygonal, 

I rather coarse granules, about the size of those on center of abactinal 

I plates, the i)eripheral series being considerably smaller, quite regular, 

I and truncate. On the first plate 7 granules can be counted from 

I one transverse margin to the other, including the peripheral series ; 

I these increase to 10, 11, or 12 on the fifth and a few succeeding plates. 

i Terminal plate rather small, obovate, or chordate, granulate. 

Inferomarginals corresponding to superomarginals, the first 2 very 
I wide, equaling the length of first 3.5 plates measured on ambitus; 
[beginning with the third they decrease very rapidly in width until 
! at the seventh or eighth they are only as wide as long, retaining ap- 
; proximately these proportions to the end of the ray. Sometimes the 
; distal plates are slightly longer than wide, especially in small ex- 
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amples. The plates are slightly tumid, arched, and form an evenl] 
rounded margin to the actinal area, as much, or more, of the plate 
facing laterally as ventrally on the ray. Plates covered with com- 
pact granules, subquamiform ventrally. In addition to these the 
plates of first third or half of ray bear on their inner or lower half 
or third 2 or 3 short appressed lanceolate spinules, 2 or 3 times as 
long as the granules, and arranged in a transverse series or in a 
group, these becoming reduced soon to but a single spinule. Ten 
inferomarginals at middle of ray correspond to 14 adambulacrals. 

Actinal interradial areas rather small, the plates adjacent to adam- 
bulacrals much the largest and extending to middle of third infero- 
marginal. The first plate extends nearly halfway from outer end of 
mouth plate to inner edge of marginals, about 3 irregular chev- 
rons filling in this remaining space; no sign of an odd interradial 
series. Plates covered with papillif orm, spaced spinelets, about the 
length of the inferomarginal granules but less flattened and quami- 
form. On the interradial suture, between the 2 plates adjacent to 
outer end of mouth plates, is a fasciolate pedicellaria with 8 to 10 
shorter, tapering, blunt spinelets in each of the closely juxtaposed 
combs. 

Adambulacral plates as wide, or only a trifle wider, than long, 
with an angular furrow margin, but up to about the fifth the aboral 
facet of the angle is so much longer than the adoral that the apex 
is close to the proximal edge of the plate, and the comb of 7 or 8 
slightly flattened round-tipped furrow spines is largely oblique. 
Beyond the fifth plate the apex is near but not quite at the middle, 
and the furrow comb is palmate, the median spines being slightly 
compressed, while the others are nearly terete or slightly flattened 
with side to furrow, and decrease in length regularly to the lateral 
spines, which are only one-third to one-half the length of the mesial. 
Subambulacral spinelets terete or swollen, blunt, 12 to 15, and in- 
creasing in length from the outer edge, where they are subequal to 
the actinal intermediate spinelets, to a row or group of 3 to 5 spaced 
from the furrow spines and one-half to two-thirds the length of the 
mesial. Near the outer side of the plate is a stout, sharp, tapering 
subambulacral spine a little longer than the mesial furrow spine 
and directed toward the margin. 

Mouth plates narrow, with a prominent angle at mouth of furrow, 
the margin toward the furrow being concave and having 5 or 6 
spines decreasing slightly in length toward the angle above men- 
tioned. The other facet, facing the actinostome, bears 2 or 3 addi- 
tional spines which continue the series and increase in size to the 
median, odd, stout, terete, bluntly pointed tooth. About 10 slender 
terete, blunt spines follow the median suture margin and decrease 
in length as they proceed outward, the outer 3 or 4 spines sometimes 



Digitized by LjOOQ IC 



STABFI8HES OF THE PHILIPPINE SEAS. 235 

meeting those opposite, and forming an incipient f asciolate pedioel- 
laria. Two or three additional spines form an intermediate series 
near the middle of plate. About 6 small spines stand on the margin 
adjacent to first adambulacral, and form an incipient f asciolate pedi- 
cellaria with the adjacent adambulacral spines. 

Madreporic body small, with coarse ridges and overhung by 3 to 
5 paxillae. It is situated about halfway between center and inner 
margin of superomarginal plates. 

Gonads well developed, in a single tuft, on either side of inter- 
brachial septum near margin. 

Type.— Cat No. 80587, U.S.N.M. 

Type-locality. — Station 5289, Verde Island Passage, north coast of 
Mindoro, 172 fathoms, broken shells, sand ; 7 specimens. 

Distribution. — ^Known only from Verde Island Passage, between 
Luzon and Mindoro, 172 to 198 fathoms. 

Specimens examined. — Eight; 7 from type-locality and 1 from 
station 5297, Verde Island Passage, off Batangas Bay, Luzon, 198 
fathoms, mud, sand. 

Remarks. — This species is readily distinguished from P. ctenipes 
Kypacanthus by the shorter, stouter rays ; narrower radial plates of 
the ray; by the higher plates of the extra-papular areas, and by the 
peripheral granules of the same being uniform with those of the 
papular areas; by the slightly tumid marginals with their compactly 
placed granules; by the fewer and more restricted inferomarginal 
spinules, absence of actinal intermediate spines, and interadambulac- 
ral fasciolar pedicellariae (except on a few proximal plates). The 
saperomarginals and interbrachial inferomarginals are broader in 
P. stenostichus^ and the granulation throughout much more compact. 

The very narrow radial series of plates on the ray is one of the 
most striking features of this species. P. formosus Verrill has lower 
and smaller abactlnal plates with much fewer and coarser granules, 
especially in the peripheral series, and the marginal granules are 
fewer, coarser, and less compact. The same differences will separate 
P. subtiUs Perrier. P. strictus and P. elongatus Perrier are closely 
related to P. subtUus. P. cyli/ndraiius Sladen has narrow radial 
plates on the ray, but in proportion to the breadth of the superomar- 
ginals they are wider than in stenostichus. In cylindratus the 
adambuli^cral furrow margin is less strongly angular, the special 
subambulacral spine or spines much smaller and nearer the furrow, 
and the inferomarginal spines more numerous. 

Genus PERISS060NASTER Fisher. 

Perissogonasier Fisheb, 1913a, p. 628. Type, P. inaignis Fisher. 
Diagnosis. — ^Differing from Paragonaster in having an odd inter- 
radial marginal in both series, and an incomplete odd interradial 
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series of actinal intermediate plates; papulae distributed all over disk 
and as far along radii as the adradial plates extend. 

This curious genus bears about the same relation to Paragonaster 
that Prionaster bears to Gomopecten^ or Pectimdiscus to Ctenodiscus. 
In all the characters except those mentioned in the diagnosis it is 
essentially similar to Paragonaster. 

PERISSOGONASTER INSIGNIS Ffsher. 

Plate 73, fig. 1 ; plate 74, fig. 2 ; plate 91, figs. 8, 8a. 
Perissoffonaster inaignis Fishes, 1913a, p. 628. 

Diagnosis. — Similar in general appearance to a Para^onastef^ 
with unusually large disk, stout rays, and the adradial plates ex- 
tending in large specimens a third to two-fifths length of ray. 
R=113 mm., r=35 mm., R=3.2 r; breadth of ray at midinter- 
brachium, 40 mm., thence tapering gradually to the bluntly pointed 
extremity; interbrachia wide and arcuate; superomarginals 37 to 42, 
broader than long, and increasing slightly in width up to the tenth 
or twelfth, and beyond the eighth to seventeenth separated only by 
the rectangular carinal plates ; odd interradial plate similar to the 
rest ; plates covered with depressed, roundish, convex, slightly spaced 
granules, the outer end being armed with an inconspicuous, short, ap- 
pressed, slender, sharp spine extending nearly to end of ray ; inf ero- 
marginals narrower on outer two-thirds of ray than superomargin- 
als and covered with conical granules; in addition to these, proxi- 
mally 6 to 10 and distally 2 to 4 slender, sharp, appressed spines, 
either scattered or in 1 or 2 transverse series; abactinal plates pax- 
illiform, with compact subhexagonal crowns, very regularly ar- 
ranged in series parallel to the radial ; an average radial plate with 
9 to 12 roundish or slightly polygonal, spaced, central granules and 
20 to 25 flattened, truncate, oblong, or slightly tapered, smaller 
peripheral ones, these numbers increasing on the distal carinal plates 
and decreasing on the dorsolaterals; papulae distributed all over 
dorsal surface as far distad as there are more than 1 series of 
abactinal plates ; actinal intermediate plates, each with an appressed, 
sharp spine; adambulacral plates with an angular but not very 
salient furrow margin bearing 6 or 7 short, blunt spines; subambu- 
lacral spines 1 or 2, sharp, appressed, surrounded by 5 to 8 ^ongate, 
subconical granules, in addition to 3 or 4 on outer margin, and 3 to 6 
on each transverse margin, the latter often forming a fasciolate 
pedicellaria over the suture. 

Description. — ^The rays taper somewhat arcuately from the mid- 
interbrachium and in form are more like those of Psetidarchaster 
than the usual very attenuate condition of Paragonaster. Area of 
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abactanal plates broadly stellate, or in small specimens stellato- 
pentagonal. All abactinal plates tabulate and paxilliform, with 
compact subhezagonal crowns arranged in regular series parallel 
to the median radial, and decreasing gradually in size along oblique 
series extending from the radii to the margin. Distally the radial 
plates become conspicuously broader, rectangular, the width de- 
creasing much more rapidly than the length, so that the plates, 
which are broader than long, or square, at the beginning of the 
attenuate portion of ray, become distally ordinarily considerably 
longer than wide. The series of plates parallel to the median radial 
are successively shorter, proceeding from the carinal series outward, 
so that beyond the eighth to eighteenth superomarginal plates (not 
counting the odd one) the latter are separated only by the single 
series of rectangular plates covered with low convex, roundish, 
slightly spaced granules, uniform with those of the superomarginals. 
A carinal plate from near the primary radial has 9 to 12 roundish 
or slightly polygonal spaced central granules and 20 to 25 flattened, 
truncate, oblong, or slightly tapered smaller peripheral ones ar- 
ranged with considerable regularity and ordinarily longer than 
broad. On the outer end of the series, just before the adradial 
plates end, the central granules are 25 to 30 and the peripheral about 
35 and similar to the central. On the lateral plates the number of 
central granules decreases from about 8 or 9 on the proximal adra- 
dial plates to 3 to 6 near the margin, the smaller number being on 
plates near the interradius. 

Papulae distributed all over the abactinal surface and as far 
along ray as there are more than 1 series of abactinal plates. The 
abactinal plates are circular, with 6 regular shallow indentations, 
and touch by the very short, broad truncate lobes. Near the margin 
the lobes are a little more pronoimced. 

Marginal plates with an odd interradial in both series, similar in 
form and size to the others, though occasionally a trifle longer than 
the 2 immediately adjacent. The superomarginals form a bevel and 
have a very low lateral face. The width increases, or has the appear- 
ance of increasing slightly up to about the eighth or tenth plates 
(according to size) and from that point very gradually decreases, 
all the plates being wider than long. The length of the plates very 
gradually increases up to the tenth or twelfth, and then as gradu- 
ally decreases. The width of the odd plate equals its own length plus 
that of the first 3 superomarginals, measured on ambitus. Supero- 
marginals 37 to 42 to the ray in large specimens. The plates are 
covered with roundish, depressed, convex, slightly spaced granules 
about the size of the central paxillar granules, and uniform on the 
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abactinal surface, but becoming a trifle longer on the lateral. Prox- 
imally 5 or 6 granules can be counted in the length of the plate, this 
increasing to 9 or 10. In addition, the plate is surrounded by a regu- 
lar series of considerably smaller granules, and on the outer end of 
the plate is a slender, sharp, appressed, inconspicuous spine, one- 
third to one-half as long as the plate, and persisting for two-thirds 
to three-fourths the length of ray. The base is swollen, and the 
distal portion abruptly slenderer. Two smaller specimens from sta- 
tions 6118 and 5863', having K 66 mm., lack this spine, which is also 
usually absent from the odd plate and the first 2 or 3 plates of each 
ray. Terminal plate obovate, granulate. 

Inf eromarginals, corresponding to superomarginals, of about the 
same width in interbrachium, but much narrower on the ray, those 
of the distal half or third of ray being either slightly wider than 
long or, in a specimen from station 5537, slightly longer than wide. 
They are rather evenly arched from the inner to outer margin and are 
covered with slightly spaced, conical or acorn-shaped granules, a 
trifle larger than those of the superomarginals, the marginal series 
being a little smaller and the fasciolar channels very narrow and 
shallow. The proximal plates have 6 to 10 slender, appressed spines, 
similar to the superomarginal spines, and scattered from the inner 
margin to the lateral face of the ray or in 1 or 2 fairly definite series, 
the number decreasing gradually to 2 to 4 on the outer part of the 
ray, or 1 in smaller specimens, the last half dozen plates usually 
lacking the spinule. The marginal spines are always appressed flu^ 
with the surface of the plate, often lying between the granules. In 
many cases they taper evenly to a sharp point without being con- 
stricted about the base. 

Actinal intermediate areas large, the plates elongate, in irregu- 
lar series extending from adambulacral to marginal plates, and reach- 
ing distad as far as the ninth inferomarginal of type. Corresponding 
to the unpaired inferomarginal there are 2 series, the inner end of 
each abutting against the third adambulacral. Inclosed between 
the two are a couple of incomplete (short) series opposite the second 
adambulacrals, these in turn inclosing a longer and incomplete un- 
paired series. The latter is irregular, and proceeds from the meet- 
ing point of 2 plates, one back of each first adambulacral plate. In 
the type this unpaired actinal intermediate series reaches to within 
2 plates of the margin, the outer end being crowded between the 
outer ends of the 2 series which extend from each third adambulacral 
to the unpaired inferomarginal. Plates low, and covered with sub- 
conical, rather irregular, skin-covered granules which become slen 
derer on drying; and with a central appressed sharp spinule similar 
to the inferomarginal spinules. 
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Adambnlacral plates with a slightly angtilar furrow margin, bear- 
ing 6 or 7 short, blunt, robust spines, the mesial often slightly com- 
pressed, the others irregularly 4-sided in section and stouter. The 
distal edge of the comb is convex. Along the transverse margin of 
the plate are 3 to 6 short granules, often pressed against their fellows 
of the adjacent plate. One or 2 sharp tapering appressed spines, 
similar in form and size to those of the actinal intermediate plates, 
stand on the actinal surface, surrounded by 5 to 8 elongate sub- 
conical granules, or short, robust spinelets, with 3 or 4 spaced 
granules on the outer margin. About 3 subambulacral spinelets 
longer than the rest often form a series spaced from and parallel 
to furrow series, between it and the subambulacral spines. The plates 
^are slightly wider than long, the first 3 or 4 being decidedly wider 
than long. 

Mouth plates narrow with 4 or 5 short, sharp, furrow spines, in- 
creasing in size toward the median unpaired tooth. Following the 
margin adjacent to first adambnlacral plate are 9 or 10 spines, which 
are soon reduced to granules on the outer part of plate, while closfe 
to them about an equal number follow the median suture margin, 
becoming enlarged into sharp spines at the inner end of the plate 
near the furrow spines, between which and the superficial spines 
there is a row of 3 or 4 intermediate spines. 

Madreporic body rather small, crowded between the pedicels of 
plates and nearly hidden, situated a little over a third the distance 
from center to under edge of superomarginals. 

Gonads in a single tuft on either side of the interbrachial septum, 
near the margin. Superambulacral plates present, touching the 
lower end of the ambulacral plates, the rest of the plate lying upon 
the actinal intermediates. 

Type.— Cat. No. 30538, U.S.N.M. 

Type-locality. — Station 5113, Balayan Bay, southern Luzon, 159 
fathoms, dark green mud. 

Dtstribution. — ^Balayan Bay, Luzon, to Mindanao Sea, 159 to 254 
fathoms on dark green mud; bottom temperature 50.2^ to 53.5^ F. 

Specimens examined. — Six, the type and 1 from each of the fol- 
lowing stations: 

Station 5116, mouth of Balayan Bay, Luzon, 200 fathoms, bottom 
not recorded, bottom temperature 60.2® F. 

Station 5118, Balayan Bay, Luzon, 159 fathoms, dark green mud. 

Station 5863, Balayan Bay, 180 fathoms, bottom not recorded. 

Station 5530, between Siquijor and Bohol [mistake in labeling, as 
this was an intermediate haul]. 

Station 5537, between Negros and Siquijor, 254 fathoms, green 
mud, bottom temperature 53.5** F. 
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Subfamily GONIASTERINAE Verrill/ 1899 (extended). 
Genus ROSASTER Perrier. 

Rosaster Pebbier, 1894, p. 386. Type, Pcntagonaater alexandri Perrier.- • 
Fisher, 1911, p. 164 ; 1918a, p. 629. 

Nereidaster Vebbill, 1899, p. 186. Type, Nymphaster symbolicus Sladen. 
[Not Nereidaster f Fisher, 1911({, p. 170, which as used here is synony- 
mous with Ceramaster, I had not then seen the type of the genus 
which has not the anatomical characters given in the key.] 

Diagnosis. — Goniasteridae resembling Mediasterin having internal 
supplementary ossicles connecting the abactinal plates and in having 
the gonads arranged in series extending along the rays, but differing 
in lacking rudimentary superambulacral ossicles, and in having the 
superomarginals in contact medially over a considerable portion of 
the ray (if separated, then only by a single series of small plates for' 
a considerable distance) ; pedicellariae always slender, tong-shaped, 
not of the low-bivalved form, Eesembling Nymphaster in form but 
differing in the serial arrangement of gonads, in having strongly 
tabulate subpaxilli^arm abactinal plates, and in lacking the strongly 
angular furrow margin to the adambulacral plates. Form stellate, 
with well-developed rays ; superomarginals in contact distaliy , some- 
times for a considerable portion of ray; abactinal plates strongly 
tabulate on papular areas and with internal radiating connecting 
ossicles; actinal interradial areas large; adambulacral plates with a 
straight or slightly curved furrow margin bearing a regular comb of 
few to many, usually compressed, spines, and spaced from these a 
subambulacral series of spines, more or less prismatic, the outer part 
of the plate being occupied by granules sometimes graduated in size 
toward the subambulacral series of spines; pedicellariae rather slen- 
der, spatulate, and intrenched ; no superambulacral ossicles ; gonads 
in several independent tufts which extend in a series along the ray, 
close to, or removed from, the margin and usually parallel to the 
radius ; tube feet without deposits. 

Remarks. — The three species which I have placed here under the 
genus Rosaster agree in having the characters mentioned in the 
diagnosis above, and in these respects differ from Nymphaster^ 
Mediaster^ and Ceramaster^ the most nearly related genera. 

I have long suspected that Rosaster cdewandri might be allied to 
the section of NympJtaster called Nereidaster by Verrill in 1899. But 

^ See Fisher, 1911d, pp. 160, 161, 196. The subfamily Is used here in the same sense. 
VerriU (1914a, p. 294) believes that MedUuter should be placed In the subfamUy 
Mediasterinae on the •basis of the existence of radiating internal ossicles connecting the 
bases of the abactinal plates. Ro9<i9ter would probably be placed in the same subfamily, 
although differing in lacking superambulacral osaicles. Media9ter and Oeramiuter are 
difficult to separate on external characters, and can be easily confused unless they are 
dissected. It seems rather unnecessary to place In separate subfamilies two genera 
which can be distinguished only by an expert Some of the species of Bo9Mter have 
up to now been included in Vympha»ier, and in " Nereidatter," both supposedly typical 
Goniasterinae. 
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Sladen published no anatomical notes. In 1906 I raised Nereidaster 
to generic rank, including in it a species {Nereidaster bowersi) which 
proves not to be congeneric with the type of Nereidaster. It is this 
misconception of Nereidaster which I incorporated into a key to the 
genera of Goniasteridae in the Asteroidea of the North Pacific, 1911rf 
(p. 170). 

I made a cursory examination of Rosaster several years ago and 
thought I found rudimentary superambulacral plates. These are 
not pres^at. What I saw, on closer examination, proves to be curious 
spiny outgrowths from the lower end of the ambulacral ossicles. 
The arrangement of the gonads and the presence of abactinal 
internal ossicles, similar to those of the species herein described, in 
addition to external similarities, leave no doubt that Nereidaster and 
Rosaster are the same. The external appearance of R. alexandri 
is much like R. fummis^ and even more like R. oonfinis (Koehler), 
especially with regard to the abactinal surface. 

The specimen of Rosaster alexandri (from off Barbados, 108 
fathoms) which I examined has B only 16 mm., yet the gonads 
are well enough developed to show the serial arrangement There 
are 4 of them in each series, the innermost being near the inter- 
radial septum and on the outer side of the row of plates next the 
adradial. The series follows this row to the margin (only a short 
distance), and is then bent inward by the marginal plates. The 
structure of the gonad resembles that of R. nanvnus and R. symboUcus, 
being a simple ovoid sac, or a small cluster .of sacs. Sometimes these 
show an incipient lobing, but it is slight. The other internal diag- 
nostic feature is well developed. Two rows of abactinal plates on 
either side of the median radial are provided with internal radiating 
ossicles. The median radial plates may have 5 to 8 ossicles. Two 
plates have the longitudinally directed ossicles (those connecting 
consecutive plates of the same series) split in two, making with the 
2 lateral ossicles of each side a total of 8. The other plates have 5 or 
6. The ossicles are longer and slenderer than in R. namvus. The 
intestinal coecum is divided into long fingeHike sacs, interradial in 
position. The coelomic side of the ambulacral plates is raised into 
a thin carina, from which arise numerous extremely delicate and 
fairly long spiny projections, best developed on the proximal plates, 
and on each plate at the lower end, although there are a variable 
number along the whole length of the plate. At the lower end of 
the plate they resemble a tuft of tiny calcareous hairs. In R. nannus 
the plates are similarly produced into a thin knifelike edge on the 
coelomic side, this edge separating consecutive ampullae, and show- 
ing occasional short spinelike projections, or even appearing like a 
saw, but never with the extraordinary delicate hairlike projections 
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of R. alexandri. In R. symholicvs the plates are keeled, the edge of 
the keel being very thin, uneven, and rough but not spiny. In /?. 
mimicus there is no keel. 

As there are 2 names in the field for the same group, I have exam- 
ined the species with the idea of instituting two subgenera. About 
the only characters I find are as follows: Rosaster (including dex- 
andri, nannvs^ and perhaps confms) is small and the gonads are 
rather closer to the margin, although this may be due to the fewer 
abactinal plates, especially of the interradial regions. The adamba- 
lacral spines are generally few — 1 to 7 or 8 or, leaving out eonfms^ 
4 or 6. In Nereidaster (including ^ymboUcw^ bipunotua^ and nd- 
micua) the size is larger. The gonads are spaced from the margin 
in a line parallel to the median radial (but this is strongly indicated 
in R. alexandri), and the furrow spines are numerous — 8 to 15. In 
the present state of our knowledge I do not feel justified in advocat- 
ing this distinction. I fancy the slight difference in the gonads will 
break down when more species are examined, and the difference in 
the number of furrow spines is bridged over by R. ctmfinia^ which 
is intermediate between the extremes. Even R. aymbolicus may have 
as few as 8. 

It should be mentioned in this connection that R. cHemamdri differs 
from the other species, with the possible exception of R. conflnis^ in 
having more spiniform granules on the abactinal plates, these beiog 
thorny and 1.5 to 2 times as long as wide, blunt, or pointed. The 
furrow and subambulacral spines are unusually long. One of the 
latter is generally enlarged over the other 1 or 2. These charac- 
ters may be of considerable importance, but they seem too slight for 
a generic division. In Mediaster teneUua Fisher a somewhat anal- 
ogous elongation of the granules into short spinelets has taken place. 

Nym/phaster protentus approaches this group rather closely, but 
it is useless to speculate on external resemblances. The arrangement 
of the gonads and the internal structure of the abactinal skeleton is 
unknown. 

Nymphaster ftorifer possibly belongs to Mediaster. The internal 
anatomy is not known. 

The following synopsis will contrast the differences between 
NymphoMter^ Rosaster^ Mediaster^ and allies: 

a\ With Internal radiating ossicles connecting the strongly tabulate plates of 
the papular areas; gonads three to many arranged In series parallel to 
the radius, or following the contour of margin. 
6*. With calcified Interbrachlal septa, supplementary internal actinal Inter- 
mediate plates, unusually large, and fewer abactinal plates, and large 

trlanjrular papular areas Kcctria. 

h\ With membranous Interbrachlal septa, no Internal actinal Intermediate 
plates, and with moderate or small abactinal plates and papular areas. 



Digitized by LjOOQ IC 



BTABPIBHES OF THE PHILIPPINE SEAS. 243 

&, Rndimentary snperambnlacral plates present; several series of abactinal 
plates extending to near end of ray, and normally one or more series 

reaching the terminal plate ; Me^iaster, 

(?, No mdlmentary snperambnlacral plates ; distal superomarglnals usually 
in contact, forming a slender, pointed ray» or if not in contact, sepa- 
rated for a considerable distance only by a single series of reduced 

abactinal plates Rosaster, 

0*. Without internal radiating ossicles connecting the abactinal plates ; gonads 
always interradial in i)osition. 
h\ General form pentagonal or stellato-pentagonal with very short rays; 
abactinal plates of papular areas tabulate; superomarglnal plates not 
contiguous on the rays, one or more series of abactinal plates reach- 
ing the terminal plate (occasionally a few distal plates in contact 
medially) ; adambulacral plates with a straight or curved furrow margin 
and with a series of subambulacral spines spaced from the furrow 
^>ines, but no strongly angular furrow margin separating consecutive 

pairs of tube-feet Ceramaster, 

b*. General form stellate with long slender rays; abactinal plates granulate 
but not tabulate, although sometimes a trifle raised; superomarglnals 
contiguous throughout the long slender rays; adambulacral plates with 
(at least distally) a strongly angular furrow margin, and angular fur- 
row series, separating consecutive tube-feet; no regular comb of 
subambulacral spines spaced from furrow series (although sometimes 
the inner snbambulacrals are enlarged) NympTiaater. 

It will be seen from this table that NyTn/phaster is rather sharply 
set off from Bosaster by the low abactinal plates lacking internal 
supplementary ossicles, by the strictly interradial gonads (1 tuft), 
and by the characteristic form of the adambulacral plates and arma- 
ture. The principal likeness between the two groups is in the long, 
slender rays and contiguous superomarginals. 

KIT TO THE KNOWN SPECIES OF ROSASTEB. 

0^. Superomarginals contiguous for nearly half to more than half of R ; not 
separated by a single series of small plates for a considerable distance. 
h\ Furrow spines 4 or 5, at least few in number ; size small 
(f. Abactinal paxilliform plates roundish, with subequal, thorny spinelets; 
granules of marginal plates longer than diameter, thorny and re- 
sembling very short spinelets ; furrow spines relatively long, slender, 

compressed alexandri, 

c*. Abactinal plates hexagonal, with unequal granules, the peripheral on the 
lateral edges of the radial and adradial plates being enlarged and 
opercular, covering the papulae beneath ; granules of marginal plates 
small, depressed, hemispherical, broader than high; furrow spines 

short nannus, p. 244. 

})\ Furrow spines 7 or 8 to 14 or 15 ; size small to large, 
c*. Size smaU ; radial tabulate plates roundish, a few distal abactinal plates 
Isolated singly between consecutive pairs of contiguous superomar- 
ginals ; furrow spines 7 or 8 ; subambulacral spines and granules in 

8 series conflnis. 

&. Size medium or large ; radial tabulate plates hexagonal. 
^. Furrow spines 14 or 15; large radial plates with 12 to 23 central 
granules mimicuSt p. 250. 
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d*. Furrow spines 8 to 10; large radial plates with 2 to 4 central gran- 
ules Mpunctus. 

a\ Superomarglnals separated on outer part of ray by a single series of al>a& 
tinal plates, but the last few plates may be in contact medially. 
h\ Size small; distal marginals with a small central tubercle; marginals 

tumid ; furrow spines 4 or 5 mamiUatus, p. 247. 

h\ Size large; distal marginals not tuberculate; marginals not individually 
tumid ; furrow spines 8 to 12 symbolicua, p. 258. 



BOSASTER NANNU8 ] 

Plate 61, figs. 1, 2 ; plate 68, fig. 6 ; plate 91, figs. 8, 3a. 
Ro%asier nannus Fishes, 1918a, p. 681. 

Diagnosis. — ^A small species resembling R. confinis (Koehler), but 
differing in having larger, hexagonal, radial plates, with differently 
formed and characteristic marginal granules, fewer furrow spines 
(4 or 6) and 2 instead of 3 series of subambulacral spines and gran- 
ules. Disk stellato-pentagonal, the rays at first tapering abruptly 
to the third superomarginal, which meets its fellow medially, then 
very gradually, the extremity being blunt and the general form 
resembling that of Paragonaater; breadth of ray at inner end of third 
superomarginal equaling first 2^ superomarglnals measured on am- 
bitus; radial plates large, with large, valvelike granules on the 
lateral borders, and smaller ones on the transverse margins; furrow 
spines 4 or 5 ; subambulacral armature in 2 longitudinal series, the 
inner consisting of 3 or 4 spines; consecutive plates of median radial 
series joined by 2 internal ossicles, and joined to the adradials by 2 
transverse ossicles, the former being absent on the adradial series. 
R=24 mm., r=6.6 mm., R=8.7 r; breadth of ray at midinter- 
brachium, 7 mm. 

Description, — ^Abactinal area stellato-pentagonal, bounded by broad 
superomarglnals (2.5 of each series). Plates strongly tabidate, even 
the few interradial ones being raised as much as is usual for the 
radial plates of Nym/phaster. Median radial plates, hexagonal, 
wider than long, with very straight edges. Parallel to this are 
2 longitudinal series of tabulate plates, the adradial plates being con- 
spicuously smaller than the radial and the next conspicuously smaller 
than the adradial. Between this second series and the margin are 
2 short series of lower interradial plates, forming with those of the 
other side of interbrachium 2 chevrons. A large proximal median 
radial plate has 15 to 25 central hemispherical slightly spaced gran- 
ules, gradually decreasing to as few as 2, but usually 4 or 5, on the 
distalmost plates of the series. The peripheral granules are con- 
spicuously larger on the lateral margins, where they are flattened, 
polygonal, valvelike, and trimmed to conform to the edge of the hex- 
agon; but they decrease abruptly in size toward the middle of the 
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transverse edges, where 8 or 4 granules aro smaller than the central 
ones and slightly spaced. The primary radial plate has 18 to 26 
peripheral granules, and the number decreases to abput 10 on the 
distal plates. The adradial plates are similarly constructed, but 
have only 4 to 8 central granules proximally and 1 or 2 distally and 
fewer peripheral granules than have the radial plates. The second 
longitudinal series has the peripheral granules abutting against the 
adradial plates much enlarged, but the others about the size of those 
on the adjacent interradial plates. These plates have a curious one- 
sided appearance, T\rhich is more accentuated in the type than in 1 or 
2 other specimens from the same station. The great difference in 
size between the peripheral granules of the transverse margins and 
those of the lateral longitudinal margins is very striking. The pri- 
mary basal plates are largeir than the primary radial in the type 
and subequal in other specimens from the same station. As men- 
tioned above, the interradial plates are also elevated and covered 
with relatively few hemispherical granules, sometimes truncate on 
the periphery of plate. No abactinal pedicellariae. 

Seen from the coelomic side, the hexagonal radial and adradial 
plates are joined by stout intermediate ossicles with a minutely 
thorny surface. Consecutive median radisd plates are joined by a 
pair of ossicles (as in symbolicus)^ and there are 2 on either side, 
making 8 touching each plate. The adradial plates lack the ossicles 
binding consecutive plates, so that there are only 4 (the laterals) 
around each plate. The plates of center of disk are also joined by 
the internal ossicles. Papulae on center of disk and in 4 zigzag 
series along each radial area ; 6 about each radial and adradial plate. 

Superomarginal plates all longer than wide as seen from above and 
rather evenly and fully curved from the inner to the outer margin, 
the lateral face being only a trifle narrower than the dorsal. Plates 
13 to a ray in type, increasing in size up to the third, which meets 
its fellow medially. This plate is slightly longer than wide (or the 
2 dimensions subequal) as seen from above, and thence the plates are 
mcreasingly longer than wide. The first 8 plates are shorter than 
the chord of the extreme width, however, and in the fourth the 
length about equals the chord of width. Plates covered with slightly 
spaced, depressed subspherical granules subequal to those occupying 
the center of abactinal plates. The sutures between the plates «re 
marked by well-defined grooves. Terminal plates as broad as long 
(or broader), blunt distally but pointed proximally. 

Inf eromarginals nearly or quite corresponding to superomarginals, 
the length of the second equal to chord of width, but all normally 
longer than wide as seen from below. Ten inferomarginals, begin- 
ning with the third, corresponding to 32 adambulacrals. Distal 
inferomarginals commonly twice as long as extreme width. Granu- 
13434— Bun. 100—19 17 



Digitized by V^OOQ IC 



246 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 

lation similar to that of superomarginals. A small entrenched 
2-jawed pedicellaria on some of the first plates of type, but not in 
other specimens. 

Actinal intermediate plates four-sided, in 2 or 3 regular chev- 
rons, according to the size of specimen, slightly raised, with con- 
spicuous sutures, and covered with spaced tubercular subprismatic 
granules, often longer than wide and intermediate between short 
spines and granules. The largest have 12 or 14 of these. 

Adambulacral plates small, squarish, with a nearly straight furrow 
margin proximally and a slightly curved one distally, but no angular 
projection or apophysis as in Nyrwphaster. Furrow spines 4 or 8 in 
small specimens, but in the type proximally 4, then 5 over the greater 
part of the ray, then 4 at tip, short, compressed, blunt Spaced from 
these is a parallel series of 8 (proximally) or 4 stouter, slightly 
shorter, blunt, subprismatic to subterete subambulacral spines, the 
adoral the shortest when there are 4. Spaced from these is a par- 
allel series of 3 or 4 subprismatic granules, the tip either blunt or 
beveled like that of a chisel. 

Mouth plates with 6 compressed round-tipped marginal spines 
in a straight series and about 8 suboral spines and granules, 8 or 4 
forming a series parallel to furrow; 2 more, slightly smaller, are 
parallel to these, while the outer. end of the plate is occupied by 

2 or 8 granules. 

Madreporic body medium sized, surrounded by 5 plates (4 in 
young) situated about halfway between center and edge of mar- 
ginals. 

Anatomical notes. — ^Although the specimens are small, the gonads 
are relatively very large and fill up most of the coelom of the base 
of ray. They consist of thick unbranched or bifid sacs in clusters of 
1 to 5, these extending in a series close to the margin as far as the 
third superomarginal or until these join medially. There seem to be 
at least 5 of these clusters in each series. The stomach is rather 
small. There are no superambulacral ossicles or rudiments. 

Variations. — ^Aside from the variations referred to in the descrip- 
tion, the proportion of B to r differs individually and according to 
size. In the smallest example R=13 mm.; r= 4 mm.; B=3.2 r; an- 
other specimen measures R=17.5 mm., r=6.5 mm., R=2.7 r. A 
smaller specimen measures 16.6 mm. ; r=5 nmi., R==3.3 r. 

ry/?6.— Cat. No. 30539, U.S.N.M. 

Type-locality. — Station 5152, Tawi Tawi Group, Sulu Archipelago 
(lat. 5° 22' 55" K; long. 120° 15' 45" E.), 34 fathoms, white sand; 

3 specimens. 

Distribution. — ^From east of northern Palawan to the Sulu Archi- 
pelago, 34 to 51 fathoms, on sandy bottom. 
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Specimens examined. — Seven; 3 from type-locality and 4 from 
the following stations: 

Station 5432, off Corandagos Island, east of northern Palawan 
(lat 10° 38' 45" N.; long. 120° 12' 45" E.), 51 fathoms, sand; 1 
specimen. 

Station 5433, same locality, 54 fathoms, green mud, coral sand ; 3 
specimens. 

Remarks. — Roaaater narmvs is probably congeneric with Dorigana 
eonfinis Koehler, from the Andaman Islands, 67 fathoms (1910a, 
p. 57), although nothing concerning the internal anatomy of the 
latter is known. I have indicated the differences in the diagnosis. 
R. nanivus differs from R. hipunotvs (Sladen) in having larger abac- 
tinal plates, which on the papular areas have peculiar and char- 
acteristic marginal granules, longer marginal plates, much fewer fur- 
row spines. In R. narmua 10 inf eromarginals correspond to 32 adam- 
bulacrals, while in N. bipuncPus only 20 or 21 (according to figure) • 

R08A8TER MAlflLLATUS Fliher. 

Plate 56, figs. 8, 4; plate 61, figs. 8, 4; plate 91, figs. 5, 5a. 
Rosaaier mamillatua Fibheb, 1913a, p. 632. 

Diagnosis. — Differing from R. alexandri, and other small species, in 
having the superomarginals beyond the third plate separated by a 
single series of abactinal plates nearly to extremity of ray, and in ther 
presence on the distal marginal plates of a small central tubercular 
granule, larger than any of the other granules. K=21 mm., r=7.5 
mm., B=a little less than 8 r; breadth of ray at midinterbrachium, 7 
mm. Superomarginals massive, tumid, 13 in number, and covered 
with roundish, rather coarse, subtruncate, slightly spaced granules, 
the peripheral being largest on the dorsal facet of plate ; the 5 or 6 
superomarginals preceding the last with an enlarged, subcentral, tu- 
bercular granule; inf eromarginals corresponding to superomarginals, 
tumid, the last 6 or 7 with a subcentral enlarged granule. Area of 
abactinal plates stellate; median radial plates wider than long, sub- 
hexagonal, the others subcircular, all tabulate; granules relatively 
coarse, the peripheral flattened, finger-nail-shaped, 10 to 12 on the 
radial plates and 8 to 10 on laterals ; central granules roundish, low, 2 
or 3 to 6 on radial plates, 1 to 3 on lateral plates; carinal plates of 
attenuate part of ray small, those opposite the transverse sutures of 
superomarginals elliptical or lozenge-shaped, the alternate plates 
smaller and oblong; abactinal plates with a few upright conspicuous 
pediceUariae, with 2 oblong or slightly tapered jaws. Adambulacral 
plates with a slightly curved furrow margin and 4 or 5 subequal, 
slightly compressed, blunt, furrow spines ; subambulacral spines 3 or 
4 in an oblique longitudinal seri'^s spaced from furrow, followed by 
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proximally 3 or 4 granules in -a single series, or distally 6 or 6, usually 
in 2 series. Oral spines 8, similar to the adambulacral furrow spines. 

Description, — ^Area of abactinal plates stellate, slightly inflated on 
the radial areas and sunken on the interradial. Plates arranged in 2 
regular circles surrounding the central plate, the outer circle com- 
posed of the primary basals and radials — 10 plates in all. Outside 
of these the plates form a regular series along each radius to within 
the length of 2 or 3 marginals of the tip of ray ; and from the fourth 
superomarginal they are longer than wide, oblong, or elliptical in 
shape, and abut against the superomarginals of each side of raj. 
The last plate or two may be segregated by the superomarginals meet- 
ing medially. The other abactinal plates form 4 chevrons in the inter- 
radial region inclosed by 2 adjacent radial series. All the plates are 
rather strongly tabulate, except interradially near margin, and those 
of the 2 circles on center of disk which are low tabulate. The radial 
plates are wider than long and subhexagonal, the others subcircular. 
The granules are relatively coarse, the peripheral finger-nail-shaped, 
very slightly spaced and ornate, 10 or 12 in number on the radial 
plates and 8 to 10 on the laterals, surrounding, respectively, 2 or 3 to 6 
(radial) and 1 or 3 (lateral) roundish or polygonal, sometimes 
slightly smaller, granules, spaced a little from the peripheral. The 
large primary basal plates have upward of 16 peripheral and 6 cen- 
tral granules. About a dozen plates, mostly adradials bear a promi- 
nent pedicellaria, with 2 upright, oblong, or slightly tapering jaws 
about half as long as the width of the tabulum. The plates of the 
series separating the superomarginals are sunken slightly below the 
surface of latter and are covered with mostly roundish, slightly 
spaced granules. An elliptical or lozenge-shape plate usually alter- 
nates with a smaller oblong one, the former being opposite the trans- 
verse sutures of the superomarginals. Papulae in oval, radial areas, 
reaching as far distad as the adradial plates extend, and including 
5 longitudinal rows of plates. 

Superomarginals 13, massive and tmnid, encroaching conspicuously 
upon abactinal area, and beyond the third separated only by the 
single series of radial plates, the last 2 or 3 being in contact medially. 
The dorsal facet of the plate is wider than the lateral, and owing 
to the tumidity, which is more pronounced distally, the contour of 
the ray is scalloped and the margin evenly rounded, having the 
appearance of being constricted at the transverse sutures of the 
plates, which correspond on the 2 sides. The plates are covered 
"With roundish, rather coarse, subtruncate, slightly spaced granules, 
those of the regular peripheral series being conspicuously larger 
than the others on the dorsal facet but becoming subequal on the 
lateral. The 5 or 6 plates preceding the last bear an enlarged sub- 
central, tubercular granule 2 or 3 times the diameter of the surround- 
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ing granules. Terminal plate fairly large, longer than wide, with 
about 4 tubercles on the end. 

Inferomarginals, corresponding to superomarginals, encroach a 
trifle less upon the actinal area of rays than the superomarginals 
upon abactinal, and the proximal plates are slightly less tumid than 
the corresponding superomarginals. The plates are covered with 
granules similar to those of the lateral surface of superomarginals, 
and the last 6 or 7 bear a subcentral enlarged granule. 

Actinal intermediate plates in 3 chevrons, the plates covered with 
spaced, prismatic, or four-sided granules 9 to 12 to a plate, rarely 
more or fewer. The plates reach to the proximal end of the third 
inferomarginal. In each chevron one plate is generally interradial 
in position, but there is usually an even number of plates in each 
chevron. The plate just back of the combined mouth plates is much 
smaller than its neighbors and has 4 granules. 

Adambulacral plates about as wide as long, with a very slightly 
convex furrow margin bearing 4 or 5 subequal, slightly compressed, 
four-sided, untapered, blunt furrow spines, about as long as the 
plate and forming a comb with slightly divergent or parallel com- 
pact teeth. Subambulacral armature: an oblique, longitudinal, 
slightly curved series of 4 or 3 four-sided short spines, stouter and 
a little shorter than the furrow spines and spaced from them. Back 
of these at outer end of plate is a row of 3 or 4 elongate granules or 
sometimes distally 5 or 6 granules in 2 series, or forming a circle 
with the inner subambulacral spines. 

Mouth plates small with straight furrow margin bearing 8 spines 
similar to those of the adambulacrals, but the inner 2 or 8 a little 
heavier. Parallel to these are 3 to 5 spines in line with the inner 
series of subambulacrals and subsimilar to them, the outer part of the 
plate being occupied by 6 or 7 spines and granules graded in size 
from the above to the actinal intermediate granules. 

Madreporic body surrounded by 5 plates and situated about half- 
way between center and inner edge of marginal plates, with a few 
curved, incomplete, branched striae separated by broad ridges. 

Anatomical notes. — Gronads not yet developed; intestinal coecum 
with bifid interradial branches; no superambulacral plates. The 
membranous interforachial septa have relatively few conspicuous 
calcareous plates, some of them shaped like short spines which pro- 
ject at right angles to the septum. Ambulacral ossicles with a sharp 
ridge toward the coelom, which bears on the proximal plates several 
fine spiculiform prolongations midway between the upper and lower 
ends. 

Type.—C2Lt. No. 30511, U.S.X.M. 

Type-locality. — Station 5481. Surigao Strait, off Cabfi/ian Cyrande 
Island, Leyte, 61 fathoms, sand shells, gravel ; 1 .specimen. 
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Distribution. — Known only from the type-locality. 

Rema/rks, — ^This species agrees with R. syrribolicuB in having the 
superomarginals of the ray, except the last two or three, separated 
by a single series of abactinal plates, but differs in having conspicu- 
ously tumid marginal plates, the distal half dozen of each series 
bearing a small central tubercle. The furrow spines are 4 or 5 in- 
stead of 8 to 12, and the species is small while symbolicua is large. 

BOSASTER MIMICUS Flsh«r. 

Plate 62, fig. 1 ; plate 65, fig. 1 ; plate 70, fig. 1 ; plate 91, figs. 4, 4a-«. 
Roaaster tnimUms Fisher, 1913a, p. 632. 

Diagnosis. — Resembling somewhat R. hipunctus (Sladen), but dif- 
fering in having sharper rays, compacter paxillae with numerous 
crowded central granules, more numerous, compressed, furrow spines 
(12 to 14), more numerous subambulacral spines and granules, and 
more numerous oral spines. Form stellate with arcuate interbrachia 
and gradually tapering rays; sides of ray and disk perpendicular 
with a longitudinal depression ; breadth of ray, measured at proximal 
suture of first pair of superomarginals which meet medially equal to 
first 8.5 or 4 superomarginals measured on ambitus; abactinal plates 
strongly tabulate on papular areas and with upward of 23 central and 
25 peripheral granules on the radial series; abactinal, marginal, ac- 
tinal intermediate, and adambulacral pedicellariae ; subambulacral 
armature a series of prismatic spines and 2 or 3 parallel series of 
granules; furrow spines 12 to 14. E=56 mm., r=21 mm., R=2.7r 
(cotype) ; in type E=probably 75 mm. and r=23 mm. 

Description. — The general form is sufficiently shown by the pho- 
togi'aphic figure. The rays are only of moderate length, the tip of 
all of those of the type being missing, but the slightly smaller cotype 
has a perfect ray. Abactinal area stellato-pentagonal to pentagonal 
Abactinal plates regular, those of the radial areas and center of disk 
(papular area) strongly tabulate, a radial and 3 parallel longitudinal 
series being symmetrically hexagonal, flat-topped, or slightly convex. 
A radial plate of the type has upward of 23 subcircular or polygonal 
flat-topped or slightly convex depressed central granules, and 15 to 
25 truncate larger peripheral ones, the outer edges conforming io 
the contour of the pentagonal form as if dressed with a knife. The 
proximal plates have the largest and fewest peripheral granules. & 
the cotype (station 5282) the peripheral granules of the radial series 
range from 12 to 18 and the central, 8 or 9 to 12. The plates on 
center of disk are irregularly hexagonal or pentagonal with clean-cut 
edges. The primary basal plates are slightly larger than the largest 
radial plates. There are 5 or 6 chevrons of close-set, four-sided, ii^- 
terradial plates covered with a uniform mail of oblate spherical gran- 
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ules, those of the peripheral series being " trimmed " to a straight 
edge on the plates adjacent to the lateralmost radial series. The 
radial papular areas are oblong rather than lanceolate; papulae on 
center of disk. There are a very few slender entrenched pedicel- 
lariae, with a fairly wide base tapering into very slender jaws, on 
the abactinal plates, and similar ones on the dorsal and lateral sur- 
faces of a few of the proximal superomarginals. They have no defi- 
nite position on the plate. 

The plates of the papular areas when examined from the inner or 
coelomic side are hexagonal with arcuate sides. The radial and 
either adradial series are joined together by internal oblong or 
elliptical ossicles at the comers of the plates, and each adradial series 
is also joined to the second longitudinal series in the same way. 
There are, consequently, 4 longitudinal series of the internal ossicles 
extending transversely between the plates and 8 series of longitudi- 
nally directed ossicles between these. As the papular area increases 
in size new ossicles appear, so that in the l^otype there are 6 instead 
of 4 longitudinal series of transversely directed ossicles; these do not 
encroach on center of disk except in fully grown examples. 

Superomarginals forming a slightly to decidedly raised border 
to abactinal area. They are blocklike and the angle between the 
dorsal and lateral faces is abrupt, swollen, and less than a right 
angle, there being a depression all along lateral face of disk and ray. 
Superomarginals increasing in size up to the fifth. Either this or the 
sixth meets its fellow medially ; dorsal surface of first 4 plates slightly 
wider than l«ng; fifth decidedly wider than long; thence the width 
decreases more rapidly than the length, the ninth being square and 
the succeeding plates slightly, then obviously, longer than wide. 
Height of plate interradially and on proximal part of ray slightly 
more than half the width of dorsal surface ; near the end the 2 dimen- 
sions are nearly equal. Granules small, depressed, circular, close 
but not touching, similar to those on the abactinal interradial plates. 
Number of plates in cotype, 21 or 22. Terminal plate ovoid, pointed 
proximally. 

Inf eromarginals about as wide interbrachially as superomarginals^ 
but decreasing regularly in width from the first plate, the fifth being 
about as wide as long, and the succeeding longer than wide, as 
seen from below. Ten inferomarginals, beginning with the eighth, 
correspond to 20 adambulacrals (19-21). Granulation similar to 
that of superomarginals. Many of the plates have 1 or 2 slender 
entrenched pedicellariae on the actinal surface. 

Actinal intermediate plates in 5 chevrons, the outer reaching 
eighth inferomarginal. The plates are plane and covered with 
slightly spaced, convex, polygonal, or hemispherical, equal granules, 
the sutures between the plates being narrow but conspicuous. Many 
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of the plates of the innermost chevron, and other scattered plates, 
have a pedicellaria with 2 slender, spatulate, denticulate, or entire 
jaws, springing from a narrow base; and sometimes they have a 
couple of pedicellarialike granules at one side, as in R. symhoUcvs. 

Adambulacral plates at first with a nearly straight, then a slightly 
curved furrow margin, but without an angular apophysis. On the 
outer part of the ray this convexity is sufficient to separate consecutive 
pairs of tube feet as the plates are placed exactly opposite. Furrow 
spines at first 12, increasing to 14 or even 15, sharply four-sided, 
compressed to an even thickness,truncate, very comblike, with a nearly 
straight distal margin, but the 1 or 2 lateralmost are shorter. The 
thickness of the spines is much less than their width (in the trans- 
verse axis of plate). Separated from these by a slight space is a 
curved series of 6 close-set heavy four-sided spines shorter than the 
furrow spines and beveled from the base to tip, like a wedge. Back 
of these are 2 spaced rows of three- or four-sided prismatic granules, 5 
or 6 to a row, these increasing to 3 rows on the outer part of ray. 
Thus a plate may have 25 to 30 subambulacral granules, as the first 
spinose series becomes gradually reduced to granules. Many plates, 
near their proximal end, have a stout pedicellaria composed of 3 
or 4 incurved spiniform jaws modified from granules. In the type 
these are not very numerous, and are lacking on the outer half of ray. 
In specimens from station 5282 they occur on a majority of the 
plates, and beyond the proximal third of the ray have 2 jaws, becom- 
ing gradually transformed on the outer half of ray into the ordi- 
nary pincer with narrow strap-shaped or slightly spatulj^te (variable) 
jaws. These specimens also have the actinal Intermediate pedicel- 
lariae more numerous. 

Mouth plates with a straight furrow margin and 15 marginal 
spines, the outer 10 truncate and four-sided, the inner 5 increasing 
in size and becoming three-sided, compressed, and knifelike. Parallel 
to the furrow series are about 6 prismatic shorter, stouter spines 
in line with the first subambulacral series, the outer part of plate 
being occupied by 12 to 14 variable granules, in general like those of 
the adambulacrals. 

Madeporic body very small, three- or four-sided, surrounded by 
four plates, with a fifth encroaching, and situated about one-fifth r 
from center. 

Anatorrdcal notes, — The gonads form a series of 5 small tufts 
(probably more in the larger type) , which begin at the middle of 
the interradius and, following the fourth longitudinal series of abac- 
tinal plates, just outside of the papular area^ reaches to the third 
superomarginal plate. This arrangement conforms with that found 
in R, symbolicita and R. narmu8. The gonads resemble miniature 
bunches of grapes, and each tuft has a separate aperture. The 
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mtestinal coecum resembles that of R, syrnboUcus^ but each interra- 
dial division is entire and not divided into 2 distal lobes. There are 
no rudimentary superambulacral ossicles. 

Type.— Cht No. 30540, U.S.N.M. 

Type-locality. — Station 6281, between Lubang and Luzon (lat. la"" 
62' 45" N.; long. 120° 25' E.), 201 fathoms, dark gray sand. 

Distribution. — ^Known only from the vicinity of the type-locality. 

Specimens exarmned, — Four, the type, and 8 from station 5282, 
type-locality, 248 fathoms, dark gray sand. 

Remarks. — I do not think this species is so closely related to 
R. hipunctus as is R. nannus. A small example of R. mimdcus with 
B=32 mm., and therefore comparable to the type of biptmctus is 
just as different as the larger type, except that the large radial 
plates have upward of 12 central granules and the adambulacral 
plates have 12 compressed, truncate furrow spines instead of the 
maximimi of 14 or 15 of the type. 

The general appearance of R. mimicus is much like a Cera/master 
or a Mediaster^ with long rays and numerous superomarginals in 
contact. At the same time it greatly resembles a true Nymphaster^ 
from which it is separated by the anatomical features characterizing 
Rosaster. * 

R0SA8TER BTMBOUCUS (Sladcn). 

Plate 91, fig. 6. 

Xymphasier syiuholicus Sladen, 1889, p. 297, pi. 50, figs. 1 and 2; pi. 53» 

figs. 7 and 8. 
Nereidaster symhoHous Yebbill, 1890, p. 187. 
Bosa9ter symhoUcua Fishes, 1913a, p. 630. 

Notes on PkUippine specimens. — ^The 2 specimens differ somewhat 
from Sladen's figures, but agree more closely with his description^ 
the latter not being in strict accord with the plates. 

The specimen from station 5520 has 9 or more superomarginals 
in contact at the end of the ray. Sladen's figure shows them sepa- 
rated throughout the ray. But he says, on page 299 : ^^ Toward the 
end of the ray the paxillar plates lose their hexagonal outline and 
become square, and finally become so small that their serial succes- 
sion is interrupted by the contact of the 2 corresponding supero- 
ma^nal plates from each side of the ray. The radial series then 
rapidly aborts and the extremity of the ray is occupied entirely by 
the superomarginal plates." On the following page he says: 
^NympAaster syrnbolicus is readily distinguished from Nymphaster 
frotentus and its allies * * * by the presence of a medioradial 
series of plates wliich separate the two opposite series of supero- 
marginal plates throughout the ray." He contradicts himself in the 
same way in his key, his statement being obviously erroneous there, 
because in N. biptmctus the distal superomarginals are regularly in 
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contact and are not separated throughout the ray, as the headbg 
of the sjmopsis would lead one to believe. 

In the specunen from station 5520 there is some irregularity in 
the form of the plates, after being reduced to a single series on the 
ray. At first hexagonal plates alternate with squarish ones, and then 
the latter die out and the hexagonal plates become lozenge-shaped, 
and are interrupted by the superomarginals meeting medially be- 
tween them. The central granules of the abactinal plates are lees 
globular than in Sladen's figures and description. Bather they are 
polygonal, subtruncate, with a slight eminence in the center like a 
pimple or mamelon. This specimen has usually 10 or 11 compressed 
furrow spinelets, less often 9. Sladen gives 10, but his figures Aow 
12 and 18. 

The specimen from station 5867 has slightly shorter rays and the 
series of abactinal plates reaches the terminal plate. It agrees with 
Sladen's variety hreviradiatua in these respects and in having a 
pair of enlarged pedicellarialike granules adjacent to the actinal 
intermediate pedioellariae, but differs in having only a few (fre- 
quently only 2) depressed subglobular granules on the central part 
of the tabulum of radial abactinal plates. There are two kinds of 
• abactinal pedioellariae. One is the usual slender, entrenched forceps 
described by Sladen. These have compressed toothed jaws, and 
when the pair is closed they have a broadly elliptical form viewed 
from the side. The other form is not common. It consists of 2 
slightly modified elongate curved granules In this specimen the 
compressed furrow spines are commonly 9. 

The intestinal coecum is very large and consists of a central irregu- 
lar pentagonal sac about 5 mm. wide, from which 5 slender coeca 
extend interradially to the margin, each being divided at the middle 
into 2 distal portions. The stomach is small and the hepatic coeca 
extend about half the length of ray. The gonads are in 10 or more 
independent tufts, which extend along the ray about as far as the 
first 6 superomarginals. This condition recalls that in several Astro- 
pectinidae, as, for example, Dipsacaster. There are 2 Polian vesicles 
in the hydropore interradius and 1 in each of the others; ampullae 
strongly double; tube feet with strong sucking disk. Interbrachial 
septum membranous No superambulacral ossicles, or rudiments. 

The form of the abactinal skeleton as seen from the coelomic side 
is very curious. The plates are bound together by slender, irregular 
rods, much as in Mediaster^ but the rods are often once branched and 
have tiny spinelike processes growing downward, which give to thci 
coelomic surface of the abactinal integument a spinulose appearance, 
suggesting remotely the abactinal surface of some species of Hen- 
f4eia having few sharp spinelets. The plates of the radial series are 
slightly 6-lobed, with 6 to 8 of the rods connecting it with neigh- 
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boring plates. Often there are 2 rods side by side connecting con- 
secutive plates of the carinal series. The lateral radial plates are 
also lobed ; but distally the lobes become obsolete. The papular areas 
include 4 longitudinal series of plates on either side of the median 
radial plates, and the rods are present connecting these. The inter- 
radial side of the fourth row is without rods, being joined rather 
tightly to the interradial plates which are four-sided and closely joined. 
The papulae are present on the center of disk, and the connecting 
rods are found here also. The figure will give a better idea of the 
exact form of the plates (see pi. 91, fig. 6), which are paralleled by 
those of Mediaster. 

Type. — ^In the British Museum. 

Type-looality.—OS Tablas Island, Philippine Group, 100-115 
fathoms, green mud, Challenger station 204. 

Distribution. — Philippine Islands to the Banda and Arafura Seas, 
28 to 180 fathoms. 

Specimens excmdned. — ^Two, from the following stations: 

Station 5867. North coast Mindoro (Verde Island Passage), 180 
fathoms, sand. 

Station 5520. Mindanao Sea, off Point Tagolo, Mindanao, 102 
fathoms, bottom temperature 61.8° F. 

Genus MEDIASTER Stimpson. 

Mediaster Stimpson, Boston Journ. Nat. Hist., vol. 6, p. 530. — ^Fisheb, 
1911d, p. 196. Type, M, aequoHs Stimpson. 

Mediaster is closely related to Rosaster, and is separated from it 
by the presence of rudimentary superambulacral ossicles and by the 
fonn of the ray. Several series of abactinal plates extend nearly to 
the tip of the ray, the last 2 or 3 superomarginals being separated 
bj a single radial series. Occasionally the last few plates are in 
contact medially, or more than 1 series reaches the terminal plate. 
Both genera have the internal supplementary abactinal plates and 
the serially arranged gonads. Both genera have species with only 
a few gonads to the series {Mediaster aequalis and Rosa^ter dlex- 
andri or R. nawnus) and species with comparatively many {Mediaster 
cmatus and Rosaster symbolicus or R, mimicus). The internal ossi- 
cles are slenderer and better developed in Mediaster^ having a wider 
distribution, in M. aequalis extending to the interradial septa. 

Mediaster aequalis has 3 rather large tufts in each series of gonads, 
nearer the margin than in M. orruvtus; M. arcuatus has 6 tufts (in the 
specimen dissected) ; M, bairdii has 6 tufts (in specimen dissected) ; 
.V. amatus has 5 to 10 tufts. 

Mediaster is closely related to Nectria^ an Australian genus. Nee- 
tria differs from Mediaster in having calcified interbrachial septa, 
supplementary, internal, actinal intermediate plates, relatively very 
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large tabulate abactinal plates, fewer than in Mediaster^ and in hav- 
ing large triangular papular areas on the disk, with upward of 10 or 
even m/ore (as high as 18 in Nectria oceUata) papulae. 

MEDUSTER ORNATUS Flalwr. 

Mediaater omaiu3 Fisheb, 1006, p. 1046, pi. 16, figs. 8, 3a-& ; pL 20, figs. 1 
and 2.— KoEHLEB, 1909, p. 78, pi. 10, fig. 4 (Arabian Sea). 

Notes on Philippine spedmens. — The 3 examples, very nearly of a 
size, are all larger than the Hawaiian specimens and present several 
minor points of difference. The ray is a trifle slenderer at the tip, 
the abactinal plates more compact, but not necessarily larger, the 
actinal intermediate granules a little smaller, more depressed, and 
the sutures between the plates not so conspicuous or deep. The fur- 
row spines are 6 or 7, but occasionally 5, and the series of subambu- 
lacral spines is not quite so prominent. In Hawaiian specimens the 
furrow spines vary from 6 to 8, and very rarely a shorter ninth spine 
is present. But the Hawaiian examples are rather variable in the 
form of the granules, compactness of plates, and in the number of 
spines and granules. A character not brought out in the original 
description and one which is exhibited by most species of the genus 
is the presence, on the outer attenuate part of the ray, of an enlarged 
club-shaped subambulacral, much longer than the furrow spines and 
situated in the middle of the inner subambulacral series, the other 
members of which are shorter than the furrow spines. 

The internal supplementary ossicles of the abactinal plates are 
slender and Overlap the plates for a third of their diameter. There is 
no difference between the Philippine and Hawaiian specimens in this 
regard. The Philippine example dissected has the gonads in a series 
of 10 tufts extending from the interbrachial septum (at about mid- 
way between center and margin) along the sixth longitudinal series 
of plates from the midradial, reaching to the fifth superomarginal. 
In a medium-sized (not the largest) Hawaiian specimen there are 5 
or 6 tufts, reaching the fourth superomarginal. The series in the 
Philippine example is longer than in any species of the genus. M. 
aequalia constantly has only 3 tufts. K=78 mm., r=33 mm., R= 
2.33 r; another specimen, R=78 mm., r=3l mm. 

Type-locality. — Station 4022, east coast of Kauai Island, Hawaiian 
Islands, 399-874 fathoms, coral sand, f oraminif era ; bottom tempera- 
ture 41^ F. 

Distribution. — ^Hawaiian Islands, Philippine Islands, and the 
Arabian Sea, 286 to 492 fathoms. 

Specimens examined. — Three from the following stations : Station 
5450, Lagonoy Gulf, east coast Luzon, 408 fathoms, green mud, coral, 
bottom temperature 42.3° ; 1 specimen. Station 5467, same locality, 
480 fathoms ; 2 specimens. 
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Genus CERAMASTER (YerriU). 

Ceramaster Verriix (Sec. C of Tosia), 1899, p. 161. Type, Asteriaa 
granularis Retz. — ^Fisher, 1911d, p. 204. 

CERAMASTER 8MITHI Fisher. 

Plate 57, fig. 1; plate 58, fig. 2; plate 91, fig. 7. 
Ceramaster amiihi Fisher, 1913a, p. 640. 

Diagnosis. — ^In general appearance closely resembling G. clarki 
Fisher, but differing in having less elevated abactinal plates, with 
shorter and differently formed basal lobes ; more numerous granules, 
especially on center of tabulum; smaller pedicellariae ; coarser and 
diaracteristically formed subambulacral spines. General form arcu- 
ately pentagonal, produced at the comers into short, blunt rays; body 
thin; margins thin, the plates being small as in G. clarJd; abactinal 
plates very short-lobed and with hexagonal crowns on papular areas, 
composed of 10 to 18 central and 15 to 22 peripheral, subequal, 
slightly spaced granules, and often a small, spatulate, two-jawed pedi- 
cellaria ; superomarginals longer than wide and with slightly spaced, 
flat granules, except the last few plates, which are wider than long 
and have a bare area ; adambulacral plates with 4 or 5 coarse furrow 
spines and 3 coarser truncate subambulacral spines, the tips truncate 
and curiously etched out, pitted, and wrinkled, the grooving extend- 
ing down the outer side; oral spines, 8 or 9. R=60 mm., r=31 mm., 
E=nearly 2 r. 

Description. — ^Abactinal plates lower than in C. clarJci^ with 
broader tabula in proportion to height, and with more numerous 
granules, especially on central part of tabulum. The larger radial 
plates have 15 to 22 peripheral, flattened granules, which overhang 
the edge of tabulum and have their distal margin square-cut or 
slightly rounded, or at the comers of the plate conforming to the 
hexagonal form of the crown. The central granules, 10 to 18 on the 
larger plates, are circular, flattened, and slightly spaced, but nearly 
uniform in size and not unequal as in clarki nor often markedly 
smaller than the peripheral. Many of the plates have a two- jawed, 
slightly spatulate, slender pedicellaria shaped much as in C. clarki^ 
but smaller. The median radial plates are the largest, the tabulum 
being about one-third to three- fourths as high as wide, occasionally 
slightly more on a small radial plate. The plates decrease in size 
very gradually toward the small interradial areas, which are paved 
with small squarish or roundish plates separated by narrow, shallow 
channels. Pedicellariae are scattered also over the interradial areas. 
The plates of center of disk are smaller than those of radial area, 
less regular, and a trifle lower. 



Digitized by LjOOQIC ^— .^ 



258 BULLETIN 100, UNITED STATES NATIONAL MUSEUM, 

The abactinal plates have short lobes, in form much like those of 
C. japonicua. They are very short, broad, rounded, or truncate, and 
often irregular or unsymmetrical in position, especially on the distal 
and lateral portions of the papular areas. The plates are wholly 
different in form from those of C. clarki^ which have the lobes bent 
downward so that the center of plate is hollowed out. (See Fisher, 
1911rf, pi. 59, figs. 6, 6a.) Papulae distributed over center of disk 
and very broad radial areas. 

Marginal plates small, as in C. clcurld^ forming a thin rounded 
margin to disk. Superomarginals 18, longer than wide up to the 
ninth or tenth, then rather rapidly widening, the fifteenth, six- 
teenth, and seventeenth being the widest, and of these the sixteenth 
is slightly the largest and is the widest of all the superomarginals. 
While the other plates are closely granulate, these have a large cen- 
tral bare area (the thirteenth and fourteenth, a smaller) and appear 
swollen. This is very much as in C. clarki^ except that in smith 
the distal superomarginals do not touch medially, while they do in 
clarkL Terminal plate broader than long, ovoid, almost globose 
with a semicircular terminal series of. globose granules, and several 
tubercular spinelets beneath them. 

Inferomarginals very similar to superomarginals, the distal 6 or 7 
with a central bare space increasing in size distad. The first 6 
are slightly longer than wide; thence the length gradually dimin- 
ishes until the distal plates are wider than long, but not wider than 
the proximal plates as in the case of the superomarginals. 

Actinal intermediate plates numerous, flat, 4-sided, not very 
regular, in 12 or 18 chevrons (each, except sometimes the first, with 
an odd interradial plate at the apex), the plates decreasing in size 
toward the margin and reaching to within 4 inferomarginals of 
the terminal plate. Granules coarse, well spaced, subspherical or 
in the case of the peripheral flattened on the outer side and ap- 
pressed to peripheral granules of neighboring plates. One inter- 
radius has a single spatulate pedicellaria. 

Adambulacral plates at first a little longer than wide, then a 
trifle wider than long. Furrow margin nearly straight. Furrow 
spines 5, sometimes 4, equal, about as long as width of plate, com- 
pressed or prismatic, truncate or round tipped often with a pit, 
notch, or groove at the tip, the latter rarely running down the 
outer (upper) side of spine. The spines vary in shape within the 
same series, being triangular or square or elliptical in section, with 
all the intermediate variations. Just back of the furrow series is 
a series of 3 coarser, usually four-sided spines, slightly shorter tlian 
furrow series and occupying the full length of plate. The tip is 
curiously etched out by grooves which may run part way or all the 
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way down the outer face of the tubercle. Scarcely 2 are alike. 
The spines increase in thickness, toward the outer part of furrow^ 
sometimes flaring widely at the tip, and finally 1 increases greatly 
in size over the rest and becomes a stout conical or clavate tubercle 
without a trace of the curious wrinkling. The form of these sub- 
ambulacral spines is difficult to describe, as it varies. They have 
the appearance of being eaten very unevenly on the outer side by 
acid. The outer end of the plate is occupied by 4 to 10 prismatic, 
irregular granules in 1 series on the first few plates, 2 on the rest, 
or without serial arrangement. I find just 1 plate with a 2-jawed 
spatulate pedicellaria. 

Mouth plates with slightly curved furrow margin bearing 8 or 9 
spines variable in form, but similar to the adambulacral spines. 
They increase in size and become more compressed and broader 
toward the mouth angle; and the tip, which is usually blunt or 
truncate, is irregularly pitted and etched out, as described above. 
Parallel to this is a series of 5 or 6 suboral spines similar to, but 
larger than, the homologous subambulacral. Six to 12 coarse pris- 
matic granules occur on the outer part of the plate, mostly on the 
satoral and lateral margins. 

Madreporic body fairly large, with fine meandering striae, situ* 
ated one-third of r from the enlarged ^^ central " or apical plate. 

The anatomy could not be worked out beyond the most salient 
features. Gbnads single, on either side of the interbrachial septum, 
situated about 6 mm. from marginal plates and 4 or 5 from the 
8q[ytum. Polian vesicle long, reaching nearly to marginal plates. 
No subambulacral ossicles or rudiments. 

Toung. — ^A specimen from station 5848 with R 23 mm. and r 15 
mm. seems to belong to this species. It differs from the adult in 
much the same way that a small specimen of clarhi differs from 
the large type. 

The most conspicuous difference of this young specimen (the 
gonads are very small) is to be found in the marginal plates. These 
are relatively heavier, and normal for the genus, and all of them 
have a dorsal bare spot which increases in size distad until it occu- 
pies nearly the entire surface of the plate. The proximal plates 
are a trifle wider than long, the width increasing gradually up to 
the eighth, the last 2 plates being smaller. At the same time the 
length of the plates gradually decreases so that these distal plates 
are more than twice as wide as long and agree with those of the 
adult in being larger than the proximal. The abactinal plates have 
the same character as in the adult but have only 4 or 5 central 
granules, decreasing to 2 or 3 on the smaller plates, and the 10 or 
12 marginal granules are slightly larger than the central. The 



Digitized by LjOOQ IC 



260 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 

adambulacral spines lack the pits and furrows characteristic of 
the adult, but the number of the spines is the same. The tips are 
smoothly rounded or truncate. Oral spines 10. This specimen 
differs from the immature C, clarhi (from station 4407, near Santa 
Catalina Island, California, 334 to 600 fathoms) in having lower 
tabula to the abactinal plates, relatively slightly larger crowns, a 
differently formed base (as in adults), smaller pediccdlariae, wider 
superomarginal plates distally (in young clarki they are not wider 
than the proximal plates) ; shorter and heavier furrow spines, more 
crowded adambulacral aramature generally, and no pedicellariae, 
such as are frequently present in clarJcL 

Type.— Cat. No. 30551, U.S.N.M. 

Type-locdlUy. — Station 5201, Sogod Bay, southern Leyte Island, 
554 fathoms, gray sand, mud, bottom temperature 52.8^ F. ; 1 speci- 
men. 

Distribution. — ^Palawan Passage to Leyte, Philippine Islands, 875 
to 554 fathoms, gray sand and mud. Temperature range 52.8^ to 
54.40 Y. 

Specimens examined, — ^The type and a specimen from station 
5348, Palawan Passage (lat. 10° 57' 45" N.; long. 118° 38' 15" E.); 
375 fathoms, coral sand ; bottom temperature, 56.4° F. 

Remarks, — ^The only species of the Indian region with which this 
may be confused is Pentagonaster cuenoti Koehler from off southern 
India, 1,006 fathoms. I'he resemblance is not close, however, and 
it is probable that cuenoti belongs to a different section of the genus. 
Koehler does not state that the radial plates are tabulate, and they 
do not appear so in the figure. The plates are small, and each is 
covered by 5 to 7 small roundish granules without order. In the 
radial regions there are a large number of papular pores irregu- 
larly disposed. Likewise the marginal plates do not increase in 
size distad, and there are 7 furrow spines. In *'^ Pentagonaster^^ 
pulvinus Alcock the plates are close set, and no papulae were visible 
even after the granules were removed. Although Alcock states that 
the angular granules show a paxilliform arrangement, I am uncer- 
tain whether the plates are elevated. I suppose not, as he says the 
species is related to Pentagonaster mirahilis (which is P. placenta, 
probably referable to my Sphaeriodiscus) . Pentagonaster {Philon- 
aster) mortenserd Koehler seems to be closely related to Cera- 
Tnaster arcticus (Verrill) and differs from smithi in having much 
smaller, higher paxilliform plates with usually 1 or 2 central gran- 
ules and 6 or 8 peripheral ones very regularly arranged. This 
arrangement is found on the smaller plates near the margin, the 
size only changing. 

This species is named for Dr. Hugh M. Smith. 
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Genus NYMPHASTER Sladen. 

Nymphasier Sladkn, 1885, p. 612 ; 1889, p. 294. Type, N, protentus Sladen, 

by designation, Fisher, 1917. 
Doriffona Perbieb (not Gray), 1885, p. 39; 1894, p. 365.— Koehleb, 1909, 

p. 54 ; 1910a, p. 60. 

Diagnosis. — Goniasteridae with long rays, composed dorsally of 
the superomarginals only ; with low, not markedly tabulate, granu- 
late, abactinal plates; actinal interradial areas large, • granulate ; 
adambulacral plates with the furrow margin strongly angular, at 
least on plates of distal half of ray, the angular furrow series sepa- 
rating consecutive pairs of tube feet; pedicellariae spatulate, en- 
trenched, or composed of more or less modified granules; no super- 
ambulacral ossicles; no internal supplementary abactinal ossicles; 
gonads in a single tuft on either side of the membranous interbrachial 
septum. 

Remarks. — ^This genus differs from Rosaster and Mediaster in 
lacking internal abactinal ossicles connecting the plates of the papu- 
lar areas, and in having the gonads in a single tuft, not serially 
arranged. It differs further in the form of the adambulacral plat^ 
and armature. Mediaster has superambulacral ossicles, not found in 
Nymphasier. Nymphasier differs from Ceram/ister in having single 
gonads on either side of each interbrachial septum, angular adambu- 
lacral plates, long rays, and in having low, not tabulate abactinal 
plates. 

In his diagnosis of the genus, Sladen did not mention any specific 
names, so that, under existing rules of nomenclature, the genus should 
date from the ChaUenger report of 1889. Here no type is indicated, 
and none has been designated. The following species are described : 
symboUcuSj hiptmcttcs^ protentus^ alhidus^ tasUicus. In 1899 Verrill 
set aside syrnboUcus and hipimctits under the name Nereidasier. 
This group, which is more nearly related to Mediaster than to 
Nymphasier^ falls within the genus Rosaster Perrier, 1894. The 
type of Nymphasier must be chosen from the three remaining species, 
and for this purpose Nymphasier protentus is best adapted. 

Koehler (1910a, p. 60) has proposed to limit the name NympJuisier 
**to the forms in which the superomarginals are separated by a series 
of abactinal plates and to reserve the name of Borigona for those in 
which the marginal plates are contiguous." This course is not pos- 
sible, because Verrill has already limited Nymphasier to the genus 
which Koehler, following Perrier, calls ^^ Dorigona.^^ The genus 
which Koehler calls ^ Nymphasier ^^ is that previously named 
Nereidasier (type N. symbolicus) by Verrill, which in turn is con- 
generic with the earlier Rosaster of Perrier (type Penia^onaster 
dexandri) . 

13434— Bull. 100—19 18 



Digitized by V^OOQ IC 



262 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 

It is greatly to be regretted that Koehler has lent the wei^it of 
his authority to such an obvious misuse of a name as that of 
DorigoTUU There is no possible excuse for the use of this name for 

In assuming to call this genus Dorigona (Gray, 1866, p. 7) it is 
also necessary to assume that Gray's genus included originally one 
or more true NympJuxster^ which, as is well known, it did not. The 
type of the genus is Dorigona reevesiij the same species as Ogmoi- 
ter capella von Martens (1866). Dorigona is therefore synony- 
mous with Ogmaster and its status in nomenclature is fixed for 
all time. It is true that Gray mentioned another species, Astro- 
goniwnh longimanwra Mobius, but this is not congeneric with Dori- 
gona reevesii^ and is given a distinctly secondary place by Gray. 
Sladen made it the type of his new genus Iconaster^ in 1889. It will 
be noted that no true NyTnphaster is mentioned, and, in fact, thL<i 
group was not discovered until many years afterward, during tlie 
expeditions of the ChaUenger and the Blake. 

The following is a short history of the name in Perrier's writinga 
In 1875 in the ^'Eevision," p. 228, Dorigona is used as a subgenus 
exactly in the sense that Gray uses the name in his " Synopsis " of 
1866, with the exception that Ogmaster capeUa is called Pentagonr 
aster miilleri instead of Dorigona reevesii. Astrogordwm longimanum 
is listed under the name Pentagonaster longimanus. In 1884 
Pentagonaster temalis^ P. subapinosus^ and P. arenatus are described 
from the Blake collections, but no mention is made of Dorigona, 
But in the following year ^ the last, and a new species, prehensiUBy 
are placed in the "Genus Dorigona Gray" without comment 
In 1894, p. 365, we find Dorigona again used in the sense of 
Nymphaster, It is interesting to note that Perrier in the syn- 
onymy omits the original citation, his first reference being to the 
"Revision" of 1875. He then gives a generic description which 
obviously applies to Nymphaster and has nothing to do with the 
genus Dorigona of Gray, let alone the fact that none of Gray's q>ecies 
are included. Perrier himself does not believe that Ogmaster 
capella is congeneric with Dorigona temalis^ yet by what reason* 
ing temaZis is placed in a genus of which Ogmaster capella is the 
type, it is beyond me to discover. His only apology is an observa- 
tion on page 367 : 

The genus Dorigona, in the sense In which we have Just Umited It, corre- 
sponds to the genus Nympfiaster of M. P. Sladen, who gave absolutely without 
necessity a new name to a generic division long since indicated and of which 
the limits demanded revision In relation to recently discovered genera. 

*Note prelim, sur lea tehinod. dragate par le TravaiUewr et le TaUiman, Ann. kl 
nat, 1886, p. 89. 
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The gist of this quotation is that Sladen did not adopt Perrier's 
incorrect use of Dorigona. With such reasoning it is no great won- 
der that the nomenclature of the Asteroidea became tangled. 

KEY TO THS SPECIES OF NTMPHA8TBR HEREIN DB8CBIBBD. 

•\ Marginal mouth spines (bordering on mouth of ambulacral furrow) 6 or 7, 
exceptionally 8 (If 8, then rays not conspicuously slender, but If meas- 
ured at proximal suture of the first pair of superomarginals which meet 
I medially, equaling length of first 81 to 41 superomarginals measured on 

' ambitus) ; some of the radial plates wider than long; mouth plates smaU, 

and rays stout, the Inferomarglnals extending laterally beyond supero- 
I marginal& 

l\ Mouth plates nearly or quite Inclosed by the first pair of adambulacrals ; 
I numerous subambulacral spines ; abactlnal granules mucronate. 

nvucronatua, p. 269. 

I iy". Mouth plates not Inclosed; subambulacral spines few or none (granules 

only) ; abactlnal granules at best only Inclplently mucronate, and these 

few in number. 

c*. Five longitudinal series of abactlnal radial plates with the distal as 

weU as proximal plates obviously wider than long; no marginal or 

abactlnal pedlcellarlae ; inferomarglnals and superomarginals wider, 

the latter on rays, the former on disk ; width of ray as measured in 

, a\ equaUng first 4 or 5 superomarginals euryplax, p. 264. 

c*. Radial plates not so obviously wider than long, the difference showing 
on the proximal plates of the radial areas rather than on the distal ; 
i numerous abactlnal and a few marginal pedlcellarlae; superomar- 

ginals narrower on ray and inferomarglnals narrower on disk; ray 
measured as in a\ equaling: first 81 superomarginals— di/«critiM, p. 266. 
^. Marginal mouth spines 8 to 15 (if the lowest number, or exceptionally less, 
then rays also very slender throughout). 
&^. Abactlnal radial plates conspicuously wider than long (much as in mucrO' 

natua) ; rays very slender Jspiodomus, p. 272. 

&*. Abactlnal radial plates roundish or hexagonal, not conspicuously broader 
than long, 
c*. Second superomarginals meeting in median line across ray (4 supero- 
marginals In each interbrachlum) ; inferomarglnals of ray very nar- 
row and long, the length at middle of ray exceeding the height 
(or thickness) of lateral face of ray; rays slender and delicate; oral 

spines, 10 or 9 atopxia, p. 285. 

e'. Fourth, fifth, and sixth superomarginals meeting in median line across 
ray (sometimes third In young specimens), and therefore 6 to 12 
superomarginals to each interbrachlum) ; length of inferomarglnals 
at middle of ray equal to or less than height of lateral face of ray. 
d^. Ray broader at base, measured as in a^ equaUng first 41 superomar- 
ginals; superomarginals very broad, not tiunid; oral spines, 10 to 
12 ; furrow spines 10 ; Inf eromarglnal plates of Interbrachla extend- 
ing laterally beyond superomarginals moluccanus, p. 274. 

df. Ray narrower at base, measured as in a\ equaling first 3 to 4 supero- 
marginals; if approaching d\ then superomarginals tumid; in in- 
terbrachla saperomarginal plates extending laterally beyond infero- 
marglnals. 
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e\ Marginal plates individually tumid; no adambulacral pedlcellarlae; 
mouth spines 9 or 10; furrow spines 9 to 11 at middle of 

ray arthrocnemU, p. 277. 

e*. Marginal plates not individually tumid; adambulacral pedlcellarlae; 

furrow spines at middle of ray more than 11. 

/*. Dorsolateral angle of ray about 90', square cut; dorsal surface 

plane; marginal granulation closer; sixth and sometimes fifth 

superomarginal longer than width of its dorsal surface; 10 

inferomarginals corresponding to about 16 adambulacralB; 

mouth spines 9 to 11 meseres, p. 280. 

f. Dorsolateral angle of ray more rounded, the dorsal surface being 
convex ; marginal granules more spaced ; ninth or tenth supero- 
marginal longer than width of its dorsal surface; 10 Infero- 
marginals corresponding to 13 or 14 adambulacrals ; mouth 
spines 12 to 15 habrotatus, p. 282. 

NYMPHASTER EURTPLAX Fisher. 

Plate 63, fig. 3 ; plate 72, fig. 2 ; plate 92, figs. 6, 6a. 
Nymphaster eurypla^ Fisher, 1913a, p. 634. 

Diagnosis. — General form, similar to that of N. diomedeae Ludwig 
and A^. temalis (Perrier), but superomarginals with plane abactinal 
surface, not tumid ; rays broad at base and actinal surface conspicu- 
ously wider than abactinal, the edges between the 4 faces of the ray 
being abruptly angular, disk arcuately pentagonal, gradually merg- 
ing into rays at corners ; extreme width of ray, measured at proximal 
suture of the first pair of superomarginals which meet medially, 
equaling length of first 4 or 5 superomarginals, measured on ambitus; 
inferomarginals broad; rays not sunken along median radial line; 
inferomarginals broader than superomarginals on disk, but narrower 
on ray ; radial and adradial abactinal plates broader than long, hex- 
agonal, elliptical, and lozenge-shape ; adambulacral plates with very 
strong furrow angle and 9 or 10 furrow spines, the apices of the 
angles of opposite plates meeting in middle of furrow and segregat- 
ing consecutive pairs of tube feet beyond proximal fourth of furrow; 
mouth plates with 6 to 8 marginal spines; no pedicellariae except 
rarely on the first few adambulacral plates. R=slightly over 95 
mm. (ray broken), r=27 mm. R=a little over 4 r. 

Description. — Abactinal area arcuately pentagonal in shape ; peta- 
loid papular areas broad, the extreme width comprising about 10 to 
12 longitudinal series of plates; plates rather compactly placed, 
those of radial and 2 adradial series much wider than long, hexago- 
nal, lozenge-shaped or rather pointed ellipitical, the others of the 
papular areas roundish or subhcxagonal, often slightly wider than 
long. A large radial plate has 5 to 12 central, low, subspherical 
uncrowded granules and upward of 20 squarish depressed periph- 
eral granules a trifle smaller. On the lateral parts of papular areas 
the central granules become more convex with a short incipient 
mucronate tip; interradial granules flat-topped. No pedicellariae. 



Digitized by LjOOQ IC 



STABFISHE5 OF THE PHILIPPINE SEAB. 265 

Inferomarginal plates broad, wider than high, with an abrupt 
nearly right angle between the 2 facets of the plate; plates increas- 
ing in width up to the fifth, which at its distal end meets its fellow 
of the other side of ray in the median line; thence the plates de- 
crease in width. The abactinal 'surface of ray is nearly plane but in 
interbrachium the plates form a slight bevel. Width of dorsal 
surface equals length of the seventh or eighth to fifteenth, varying 
on different rays. Covering of plates consists of depressed, sub- 
circular, convex granules, slightly spaced, and similar in size to ad- 
jacent abactinal granules, but decreasing very gradually in size 
toward end of ray. 

Inferomarginals extending laterally beyond superomarginals ex- 
cept on attenuate terminal portion of ray, the sutural line between 
the 2 series being at the bottom of a shallow sulcus of which the lat- 
eral faces of the 2 series form the sides. Ventral face of plates broad 
in interbrachia — about 3 times height — ^but they Tapidly become nar- 
rower, and at middle of ray the ventral facet changes from square 
to slightly longer than wide, 10 inferomarginals equaling 18 adam- 
bulacral plates; the plates are not conspicuously long as in some 
species. Granules small, depressed, hemispherical, except 2 or 3 
peripheral series which are acorn-shaped with a mucronate tip. In 
interbrachium in the angle between the 2 facets the granules are 
much enlarged, subtubercular, acorn-shaped, with a sharp tip. 

Actinal intermediate plates eictend to fifth inferomarginal and are 
arranged in series parallel to furrow ; each series with an odd inter- 
radial plate, and there are 5 of these plates between mouth plates 
and mai^in. Granules low, acorn-shaped, slightly spaced, nearly 
oniform in size. No pedicellariae. 

First 2 or 8 adambulacral plates with 5 or 6 furrow spines, blunt, 
nearly equal, slightly compressed, then the plates gradually attain 
first a convex then a strongly angular margin, and the furrow 
spines increase to 9 (less often 10), the 8 to 5 median, nearest apex 
of angle being more slightly built, compressed, with edge to furrow,, 
the 2 to 3 at either end of series being stouter, sublanceolate, blunt^ 
with flat side to furrow. Subambulacral granules 8 to 16, in 2 or 8 
series on outer part of ray, but not so regularly arranged, as a rule,, 
proximally. The outer granules are subconical or acorn-shaped, but 
a series of 2, 8 or even more back of the furrow spines are longer,, 
slightly flattened, and rather tubercular in form. It seems to be 
from these spines that the extra furrow spines are recruited, the 
original furrow spines remaining at the center of series. A very few 
pedicellariae with 2 curved spiniform jaws are present at the base 
of the series and are not of regular occurrence. 
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Mouth plates small with short furrow margin. Marginal spines 
6 to 8, usually 7 or 6, and similar to adambulacral furrow spines, 
only a little heavier. Suboral spines about 10-12 in 2 series, along 
the 2 remaining edges of the triangular plates, and granuliform 
near the outer end of plate. The spines are graduated regularly in 
size away from the furrow margin. 

Madreporic body small, irregularly hexagonal, about one-fourth r 
from center. 

Type.— Cat. No. 30542, U.S.N.M. 

Type-locality. — Station 6516, Mindanao Sea, off Point Tagolo, 
Mindanao, 175 fathoms, globigerina ; 1 specimen. 

Remarks. — ^This species, which in form resembles N. diomedeae 
Ludwig from the Gulf of Panama region, differs in having more 
numerous adambulacral furrow spines, marginal plates which are 
not tumid, inferomarginals extending laterally beyond superomargi- 
nals, enlarged subarfibulacral granules, and a finer actinal granula- 
tion. The abactinal plates of the papular area seem to be broader 
and lower, and lack pedicellariae. N. euryplam closely resembles N. 
belli (Koehler) from 250 fathoms off the Andaman Islands. It agrees 
in having the radial and adradial abactinal plates much broader than 
long, in having the ray broad at the base, with the fifth superomar- 
ginal conspicuously enlarged and in contact medially, and in the 
general absence of abactinal pedicellariae, but differs in having the 
inferomarginals extending laterally beyong the superomarginals, so 
that the actinal surface is wider than the. abactinal. This character 
also separates N. euryplax from N. ludwigi Koehler and the species 
identified by Koehler (1909, p. 54) as N. temalis (Perrier), neither 
of which, in addition, have the wide abactinal plates. Further. .V. 
euryplax differs from belli in having longer, stouter, rays; the 
2 or 3 series of abactinal plates parallel to the adradial are not so 
wide in proportion to length — are nearly round and have more 
numerous granules; the madreporic body is surrounded by 6 plates, 
not 4; the first row of suboral granules is enlarged into spines; the 
furrow spines are 9 or 10 at the middle of ray (Koehler gives 7 or 8 
for belli^ but possibly he referred only to the proximal plates, where 
in euryplax there are at first 5 or 6, then 7 or 8, and finally a maxi- 
mum of 9 or 10). 

NYMPHASTER DT8CBITUS FIshOT. 

Plate S2, fig. 2 ; plate 65, fig. 8 ; plate 92, figs. 6, 6ch&. 

Nymph4h9ter dyscritus Fisheb, 1918a, p. 635. 

Diagnosis. — ^Differing from N. euryplax in having less obviously 
widened abactinal radial plates, slightly narrower superomarginals, 
the sixth being as long as or longer than wide (eighth to sixteenth in 
euryplax) when viewed directly from above; numerous abactinal 
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pedicellariae, a few superomarginal, inferomarginal, and actinal in- 
termediate pedicellariae ; narrower inferomarginal plates in the in- 
terbrachia; slightly coarser actinal intermediate granules. Says at 
inner end of first pair of superomarginals which meet medially as 
wide as length of first 3.5 superomarginals measured on ambitus; 
interbrachia arcuate ; dorsal surface of ray nearly plane with abrupt 
angles on the margin of disk and ray. K=probably nearly 4 r; 
r=28 mm. ; breadth of ray at midinterbrachium, 26 mm. 

Description. — General appearance is much like that of N. moluo- 
canusj and also similar to Koehler's N. temalis from the Indian 
region. The proximal radial and 2 adradial series of marginal plates 
are wider than long, but the width gradually decreases, so that on the 
distal half of the papular areas the plates are only slightly wider 
than long. The granules are roundish, flat-topped, and the central 
are in 2 or 3 transverse rows proximally and 2 distally (in euryplax 
often in only 1 row distally). The largest radial plates have 8 to 11 
central granules and about 15 peripheral. The small 2-jawed pedicel- 
lariae have a broad base and a narrow spatulate extremity and are 
about 1.5 as high as width at base. Papular areas comprising 7 to 
9 longitudinal series of plates. 

Bays broken. Marginal plates with an abrupt angle at edge of 
ray. Superomarginals with fifth or sixth plates meeting medially, 
the interbrachial plates only a little wider than long, as seen from 
above, the sixth being as long as or a little longer than wide, the 
subsequent ones longer than wide. In interbrachium, height of plate 
about one-half the width. A well-marked sulcus all along side of 
ray. Granules small, circular, truncate, spaced, becoming hemis- 
pherical on the lateral face. A small, slender pedicellaria on most 
of the interbrachial plates has 2 compressed jaws, so that when seen 
from the side it is ovate. 

Inferomarginals narrower than in euryplax^ slightly arched, the 
fourth as wide as long, as seen from below. Twenty or 21 adambula- 
ends corresponding to 10 inferomarginals (18 in euryplax). Infero- 
marginals extending laterally beyond superomarginals, very slightly 
on ray, scarcely at all in midinterbrachium. The lateral angle, except 
far long ray, is less than a right angle. Pedicellariae similar to those 
of superomarginals, as are also the granules, these becoming coarser 
on the exposed angle of ray. Granules of actinal surface are hemis- 
pherical as on the lateral face. 

Actinal intermediate plates in 5 chevrons, with coarse spaced hemis- 
pherical granules, fewer and larger than in euryplax^ and larger in 
center of plate, as in mucronatvs. One or two slender pedicellariae 
present at base of ray. 

Adambulacral plates similar to those of euryplax^ the apophysis 
appearing on the fii-st plate, but not becoming conspicuous for 6 or 6 
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more plates. The first plate has 5 or 6 furrow spines, which in- 
crease to 10, the laterals being broader than the 2 or 8 mesial spines, 
which are compressed to an even thickness, but are slightly tapering 
and round-tipped when seen from the side, as indeed are the laterals. 
Subambulacral granules 10 to 14, in about three series, the inner 
slightly longer than the outer. The first few plates have a pedi- 
cellaria, with two or three coarse tapering, slightly curved, bluntly 
pointed spiniform jaws. 

Mouth plates small, with 7, rarely 8, marginal prismatic spines, 
and about 8 pointed tubercular prismatic or 4-sided oral spines in a 
single row on inner end of plate, becoming 2 rows of granules on 
outer end. 

Madreporic body pentagonal, surrounded by 5 plates, situated one- 
quarter r from center. 

Type.—CB,t. No. 80548, U.S-NJtf. 

Type-locality. — Station 5536, between Negros and Siquijor Islands, 
Philippine Islands, 279 fathoms, green mud, bottom temperature 
53.5® F. ; 1 specimen. 

Dialnribution. — ^Mindanao Sea, between Negros, Siquijor, and Min- 
danao. 

Specimens examined. — ^The type and a young example from station 
5541, off Point Tagolo, northern Mindanao, 219 fathoms, fine sand, 
broken shells, bottom temperature 58.5® F. 

Remarks. — ^It is not possible with the material at my disposal to 
decide whether this is a distinct species or a variety of A^. euryplaa. 
Although N. ewryplax^ N. mucronatus^ and N. dyacritua appear 
different enough, yet each is represented by but a simple adult speci- 
men. The course taken seems best even if it is later established that 
they are 3 phases of one species. The characters used to discriminate 
them are the same that have been employed in separating other forms 
represented by several examples. The range of variation in Nym- 
phaster is not yet well understood. 

N. dyscritua differs from N. temalis Perrier in having less tumid 
marginal plates, smaller abactinal radial plates, a sharper, more 
abrupt angle to margin of ray, longer superomarginals in proportion 
to their width (on ray), and in having the marginal apophysis on all 
the adambulacral plates (although not conspicuous on the first half 
dozen). N, dyscritus greatly resembles N. temalis of Koehler (but 
not of Perrier) from the Indian region, and I shall not be surprised 
if they ultimately turn out to be races of the same species. Koehler's 
species has more regularly hexagonal abactinal plates, 8 adambulacral 
furrow spines (maximum?), more numerous adambulacral pedi- 
ceUariae (easily a variable character), 8 or 9 mouth spines, and the 
apophysis commences between the third or fourth and fifteenth 
adambulacral plate, varying on different specimens. These differences 
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are not Tery great. N. muoronatus differs in the form of its peculiar 
granules as well as in having wider plates, no abactinal or marginal 
pedicellariae, conspicuous subambulacral spines, smaller mouth plates 
inclosed by the first adambulacrals, and more flaring sides to the 
rays. N, leptodomus has conspicuously narrower rays, less massive 
marginals, and a generally more delicate habit. N. moluccanus 
differs in having more symmetrical hexagonal abactinal radial plates, 
wider superomarginals, no abactinal or marginal pedicellariae, 10 or 
12 mouth spines, more numerous and compact subambulacral granules, 
and more uniform actinal intermediate granules. 

Nymphaster gardineri (Bell)^ from Saya de Malha Bank, western 
Indian Ocean, 125 fathoms, is perhaps related to this species. I 
have examined the type in the British Museum, but, of course, was 
unable to compare it directly with dyscrUuB. It resembles dyscritus 
in general form and, like it, has few mouth spines (only 5 or 6 in 
the marginal series), but differs in having the superomarginals of 
disk and ray up to the seventh or eighth beveled in such a way that 
they slope off from the median line of the proximal part of ray, as 
in habrotdtus. The dorsal edge of disk and ray is rounded, but 
beyond the eighth superomarginal the ray becomes squarish in section. 
Furrow spines 8 (6 on proximal plates) the apophysis of the plate 
not well marked until the ray proper conunences. On the surface 
of the adambulacrals are 4 spines slightltr shorter than the furrow 
spines, and external to these, about 2 rows of granules with 8 in 
each row', or an ellipse of 6. The inferomarginals are wider than 
long up to the seventh (or sixth), then a plate is square (seventh or 
eighth), beyond which the actinal face of the plates is much longer 
than wide. In 10 inferomarginals, beginning with the siirtih, there 
are 16 to 18 adambulacral plates. No well-marked subambulacral 
spine on outer part of ray. The median row of paxillae ^Hrans- 
Tersely " hexagonal, the granules being smooth and even. The sixth 
superomarginal meets its fellow across ray, while the fifth is the 
widest 

N. gardmeri falls under a^ of the key, but does not have the broad- 
ened radial plates of euryplax nor the mucronate granules of mucron- 

NYMPHASTER MUCRONATUS Fteber. 

Plate 63, figs. 1, 2 ; plate 68, fig. 5 ; plate 69, fig. 6 ; plate 02, figs. 1, la. 

Nymphaster mucronatus Fisher, 1918a, p. 686. 

Diagnosis, — ^Very similar to N. eu/ryplax in general form and in 
having the radial plates wider than long, but differing in having 
much less compact radial plates with fewer and mucronate granules; 

^ leonaater gardineri Bell, Trans. Lino. Soc. Lond., 1909-10, toI. 18, Zool., p. 22. 
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larger madreporic body; narrower inf eromarginals : coarser, and 
more tuberculate, sometimes mucronate, unequal, actinal intermediate 
granules; smaller mouth plates, with the first adambulaerals nearly 
or quite meeting behind them ; many of the subambulacral spines of 
conspicuous size, and graduated into the tubercular granules of the 
actinal intermediate plates. Bays broad at base, the width at inner 
end of the first 2 superomarginals which meet medially equaling 
first 4 superomarginals measured on ambitus; interbrachia arcuate; 
inf eromarginals defining contour of ray; dorsal surface of ray 
nearly plane; normal marginal plates not tiunid, though inf eromar- 
ginals with slightly arched ventral surface; adambulacral furrow 
spines 4 or 5 on first few plates, these gradually increasing to 9 or 10; 
oral spines 6 or 7. K=101 mm., r=30 mm., R=3.4 r; breadth of 
ray at midinterbrachium, 34 mm. 

Description. — ^Abactinal plates small, the radial being elliptical 
and much wider than long; the median radial plates with 1 or some- 
times 2 transverse rows of subglobular granules (4 to 8 in number), 
surrounded by a not very regular peripheral series of about 15 to 18. 
Most of the granules of these as well as of other abactinal plates 
have a peculiar form; it is subglobular with often 4 or 6 faces, 
slightly broader at tip than base, and from the middle arises a 
slender, sharp spine or mucro, often half as long as the granule, or 
rarely longer. Many granules do not have the mucronate tip, while 
in others there is a slight indication of it. Some of the radial gran- 
ules of N. euryplax have a rudimentary mucronate tip, and the 
plates are larger and more compactly placed. Papular areas broad, 
comprising about 13 longitudinal series, the interradial areas, cor- 
respondingly small and with about 5 chevrons of 4-sided plates. 
Abactinal area within the marginal plates stellato-pentagonal. No 
abactinal pedicellariae. 

Superomarginals 29, massive, the lateral face visible from above, 
and the rounded angle between the 2 facets of the plate more than 
a right angle. The plates encroach conspicuously upon the abactinal 
area and are slightly beveled in the interbrachia. Fifth or sixth 
plates the largest and meeting medially ; sometimes a fifth meets a 
sixth of the other side. Length of twenty-second plate equal to 
chord of width, all the others wider than long; length of seventh 
plate equal to width of abactinal surface; the fifth and sixth are 
•wider than long and the first to fourth vary from a little wider than 
long to a little narrower, with regard to the dorsal surface. Granules 
slightly spaced (more so on arm than disk) similar to abactinal inter- 
radial granules, but the mucronate tip present only on lateral face 
of ray where the granules resemble miniature acorns. No marginal 
pedicellariae. Terminal plate ovoid, about as wide as long. 
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Inferomarginals extending laterally beyond superomarginals more 
than in euryplax^ but the plates narrower actinally, the fourth being 
longer than wide as seen from below (eighth or ninth in euryplax)^ 
10 plates near middle of ray corresponding to 16 adambulacrals 
(about 18 in euryplax). Granules slightly coarser than in euryplax^ 
acorn-shaped, with short mucronate tips, and not conspicuously en- 
larged on ambitus as in euryplax. 

Actinal interradial areas large; plates in 5 chevrons, rather ir- 
regular, covered with acorn-shaped, pointed granules conspicuously 
larger in middle of plate than on margins, and increasing in size 
from marginal plates toward furrow ; a few are submucronate. In 
ewryplaw the granules are smaller, uniform in size, and less tubercu- 
lar. 

Adambulacrals with a slight angle on the third plate which in- 
creases gradually on each succeeding plate, becoming fairly promi- 
nent on the ninth or tenth, but not meeting across the furrow until 
the middle of ray. This is due, of course, partly to the furrow being 
more open than in some other species; the plates are not less promi- 
nent than in ewryplax. First few plates with 4 or 6 prismatic or 
4-sided spines, these gradually increasing to 9 or 10, the median 
being compressed, broad, and bladelike with the edge of furrow, 
the laterals round-tipped with flat side to furrow. Proximally the 
median spines are larger than the laterals, but far along the ray they 
decrease in size and the distal spines are conspicuously stouter and 
wider, though not longer. Plates are at first wider than long, then 
for a considerable distance about as long as wide, then longer than 
wide. Subambulacral spines and granules at first 7 or 8 increasing 
to 15 or 18, arranged in at first 3, then 3 or 4, and finally 3 series, 
although often a serial arrangement is hard to make out. At the 
base of the furrow most of the subambulacrals are thick tubercular 
spines of several lengths, and tubercular granules here and there at 
outer end of plate. Farther along, the inner row, and the median 
members of the second, are enlarged into stout spines, nearly or 
quite as long as the furrow spines, while the others grade off into 
the tubercular granules of the actinal area ; far along ray only the 
row nearest furrow margin is enlarged, while the outermost granules 
are slightly mucronate. No adambulacral pedicellariae. 

Mouth plates unusually small and narrow, the 2 first adambulacrals 
nearly or quite meeting at their outer ends, behind the mouth plates. 
Furrow spines 6 or 7, stout, prismatic. Suboral spines about 8, thick, 
blunt, in a single irregular series. 

Madreporic body large, about twice as broad as the widest radial 
plate; 6 plates are immediately adjacent, while 2 others encroach 
upon it. 

Type.— Cat. No. 80544, U.S.N.M. 
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Type-locality. — Station 6116, mouth of Balayan Bay, Luzon (off 
Verde Island Passage, north coast of Mindoro), 200 fathoms, bottom 
temperature, 50.2*^ F. 

Remarks. — Although this species resembles N. euryplax in manj 
ways, it presents numerous points of difference which have already 
been mentioned in the diagnosis and description. The mosfc con- 
spicuous of these are the smaller and much less compact abactisal 
plates with their mucronate granules, the narrower inferomarginals. 
coarser and unequal actinal intermediate granule, the very small 
mouth plates, and the enlarged subambulacral spines. 

N, mucronatus differs from N. ieUi, to which the form of the radial 
plates would ally it, in having mucronate granules, larger madrepoiic 
body surrounded by 6 plates, inferomarginals extending laterally 
beyond superomarginals, larger, unequal acorn-shaped, often iacipi- 
ently mucronate, actinal intermediate granules, smaller mouth plates. 
and numerous stout subambulacral spines. 

NYMPHASTER LEPTODOMUS Fisher. 

Plate 66, fig. 1; plate 67, fig. 1; plate 68, fig. 8; plate 69, fig. 8; plate 92, 

figs. 2, 2a-&. 

Nymphaster leptodomua Fisher, 1913a, p. 687. 

Diagnosis. — In the form of the abactinal plates resembling A'. 
mucronatus^ but differing in having longer, slenderer rays, narrower 
superomarginals, inferomarginals extending little or not at all be- 
yond superomarginals, subspherical, depressed, sometimes truncate 
abactinal granules, abactinal, spatulate pedicellariae, larger mouth 
plates, 8 to 10 oral spines, adambulacral pedicellariae, and no con- 
spicuously enlarged subambulacral spines. Ray very slender, vary- 
ing from plane to convex above, the width at inner end of the first 
pair of superomarginals which meet medially equal to length of first 
3 superomarginals measured along side ; adambulacral furrow spines 
proximally 6, distally 10 or 11. R=70 mm., r=17.5 mm., R=4 r; 
breadth of ray at midinterbrachiura, 20 mm. 

Description. — ^Abactinal area arcuate-pentagonal to stellato-pentag- 
onal. Radial plates broader than long, at least for the 5 median 
rows, the midradial the broadest, elliptical to broadly hexagonal or 
lozenge-shaped, with a variable number (usually small, 2 to 6) of 
spaced central granules in 1 or (proximally) 2 transverse rows, and 
15 to 18 slightly smaller peripheral granules. These granules are 
variable in form, convex, or truncate, roundish. Many of the radial 
plates have a narrow spatulate 2-jawed pedicellaria, the jaws, when 
open, reaching nearly across the plate. Papular areas broad, peta- 
loid, comprising 9 to 11 longitudinal series of plates. Interradial 
areas small, with small four-sided or five-sided not very regular 



Digitized by LjOOQ IC 



STAKPISHES OF THE PHILIPPINE SEAS. 273 

plates with small spaced granules. Viewed from the imier or coelomic 
side the abactinal plates form very regular longitudinal series, those 
of the median radial being conspicuously the largest. Most of the 
plates are provided with short lobes, but they are of irregular occur- 
rence. On many of the median radial plates there are 6 short lobes. 
Superomarginal plates narrow abactinally, the sixth meeting its 
fellow in the median line of ray. Interbrachial plates forming a 
slight to decided, narrow, bevel; fifth and sixth the largest of series; 
dorsal surface of first 4 plates about as wide or slightly narrower 
than long; fifth and sixth slightly wider than long, and then the 
width gradually decreases, the plates from the eighth being longer 
than wide. Edge of ray an abrupt, rounded, right angle, the height 
of plates being a little more than half the width (and on ray rela- 
tively lower than in nmcroTiatua) . Granules slightly spaced, sub- 
spherical, becoming low conical on the lateral face of plate. Ter- 
minal plate small, ovoid, about as wide as long, pointed proximally, 
and rounded distally. 

Inferomarginals narrow, the second, viewed^from below, as wide 
as long, and the succeeding ones increasingly longer than wide. On 
the outer half of ray the plates are extremely narrow actinally, the 
surface being rather evenly rounded between the inner and outer 
edge of the plate. Ninth to nineteenth inferomarginals (10 nearest 
middle of ray) corresponding to 14 adambulacrals. Granules coarser 
on actinal than on lateral face, subspherical to depressed acorn shape. 
In the interbrachia of the type-specimen some of the lateral granules 
are submucronate. 

Actinal intermediate plates in 4 chevrons, with an odd plate in 
the interradius. Granules fairly coarse, spaced, the central slightly 
the largest, and in form depressed conical or acorn-shaped. A 
variety has smaller more spaced granules. 

Apophysis or projecting angle appearing on the first or the second 
adambulacral and becoming prominent on the fifth or sixth. First 
and second plates with 6 furrow spines, which increase on the ray 
to 10 or 11, the lateral members being often granuliform, the others 
of the usual shape, the median compressed with edge to furrow, and 
the distal 3 or 4 with flat side thereto. Subambulacral granules, 
acorn-shaped, 6 to 12 in 2 or 3 series proximally, and 2 distally, 1 or 2 
granules in the inner angle being slightly enlarged. Many of the 
plates as far as middle of ray have a rather conspicuous pedicellaria 
with 2 or 3 incurved jaws situated on the inner part of the plate. 

Mouth plates with 8 to 10 marginal and about the same number 
of suboral spines, the former compressed, the latter more conical, 
and graduated in length to conical granules on the outer end of 
plate. The plates seem to be larger than in mueronatus^ but as the 
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specimens of leptodorrvua are all smaller the difference may not be 
reliable. The first adambulacrals do not touch behind the mouth 
plates. 

Madreporic body variable but fairly to decidedly large, suTi 
rounded by 6, 7, or 8 plates and situated about one-third the dis- 
tance from center to ambitus. 

I have examined this species for rudimentary superambulacral 
plates, but can find none. Qonads in 1 tuft on either side of the 
membranous interradial septum. 

Variations. — One of the specimens from the type-locality differs 
from the others in having a larger madreporic body, more convex 
rays dorsally, but as the details of structure fit this species well I 
have considered it an extreme variant. 

Type.—CKt. No. 80545, U.S.N.M. 

Type-locaUty. — Station 5216, between Burias and Luzon, 215 fath- 
oms, green mud, bottom temparture 68.1^ F. ; 5 specimens. 

Distribution. — ^Known only from region between Burias and 
Luzon. • 

Specimens examined. — ^In addition to the type, 6 from station 
5388, between Burias and Luzon, 226 fathoms, soft green mud, bot- 
tom temperature 51.4** F. 

Rem^arks. — ^A^. leptodomAAS strongly suggests N. mucronatus on 
account of the form of the abactinal radial plates, but the rays are 
much narrower. The characteristic mucronate granules are absent 
from the abactinal plates, there are nmnerous abactinal pedicellariae, 
and the characteristic subambulacral spines of mucronatus are ab- 
sent. From N. beUiy leptodomAis differs in having longer, narrower 
rays; numerous abactinal and adambulacral pedicellariae; narrower 
superomarginal plates; larger madreporite, surrounded by more than 
S plates (4 in beUi) ; a maximum of 10 or 11 furrow spines. 

NTMPHASTER MOLUOCANUS J 



Plate 64, fig. 8 ; plate 65, fig. 2 ; plate 68, fig. 7 ; plate 92, figs. 8, 3a^. 
Nymphaster molucoanus Fisher, 1918a, p. 637. 

Diagnosis. — Similar in general form to N. euryplax^ but radial 
paxillae smaller, hexagonal, and not conspicuously widened; peta- 
loid papular areas narrower and oral spines 10 to 12 ; marginal plates 
rather broad; ray broad at base, the width at inner end of the first 
pair of superomarginals which meet medially equaling length of first 
4^ superomarginals measured on ambitus; adambulacral plates with 
strong furrow angle; minimum number of furrow spines at base of 
ray 8 or 7; maximum number 10 (rarely 11). K=86 mm., r=21.6 
nmi. ; breadth of ray at midinterbrachium, 26 mm. 

Description. — ^Abactinal area arcuately pentagonal, as in most 
species; the petaloid papular areas narrower than in eurt/plax^ corn- 
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prising 7 to 9 longitudinal series of plates, the plates themselves 
being smaller; triangular interradial areas large, the base comprising 
the 6 median interbrachial superomarginals (about 4 in euryplax) ; 
plates of papular areas smaller than in ewryplax^ hexagonal, a few 
of the proximal median radials being slightly wider than long and 
some of the laterals roundish. Proximal median radial plates with 
8 to 10 circular depressed central granules (in 3 transverse series) 
and 15 or 16 slightly smaller peripheral ones. A specimen from sta- 
tion 5625 has 2 to 5 central and 10 to 12 peripheral on the largest 
radial plates. Plates low, the top of the granule being about 1.5 
times its width above the integument. Interradial plates in regular 
chevrons pointing to center. No abactinal pedicellariae. 

Superomarginal plates broad, very faintly convex, and with an 
abrupt rounded angle at ambitus. They form a slightly raised 
border to disk, and one which is a trifle beveled; fifth superomar- 
ginals the largest, meeting medially, the dimensions being shown by 
the figures. Granules, depressed hemispherical, slightly larger than 
on neighboring abactinal plates, slightly spaced, with a regular 
beadlike marginal series. Superomarginals 28 in cotype. Terminal 
plate longer than wide, the distal end broad and subtruncate, the 
iimer half of plate tapering to a blunt point. 

Inferomarginals projecting slightly beyond superomarginals in 
interbrachia and on base of rays, and encroaching inward toward 
center of disk, interradially about as much as superomarginals. 
Fourth plate slightly longer than width of ventral face. The length 
remaining the same to about the middle of ray, but the width rapidly 
diminishing. In euryplax^ in which l^e inferomarginals are larger, 
the length does not exceed the width of the ventral facet until the 
seventh or eighth plate is reached. The 10 plates nearest middle of 
ray correspond to 18 or 19 adambulacrals. A shallow sulcus along 
the side of ray and disk, not so well marked as in euryplax. Gran- 
ules are hemispherical, similar to those of actinal interradial areas; 
not tuberculate on ambitus, as in euryplax. No marginal pedi- 
cellariae. 

Actinal intermediate plates extending to fifth inferomarginal, 
there being 4 or 5 chevrons in each interradial area, with an odd 
interradial plate at the point of each chevron. Granules hemi- 
spherical, slightly spaced or touching, and increasing slightly in size 
toward furrow. One or 2 small 2-] awed pedicellariae are present in 
3 interradii. 

First 7 or 8 adambulacrals of type with 8 (rarely 7) regular, short, 
blunt," 4-8ided, slightly tapering furrow spines, which increase to 10 
(rarely 11) on the ray. In the cotype the maximum number is 13 
or 14. Angle on margin of plate firet shows at fourth or fifth plate 
and rapidly increases in prominence, the adoral facet of the apophy- 
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sis being about two-thirds the length of the aboral, which is slightly 
hollowed out. The tube feet may be separated by the spines, as near 
the mouth as the sixth or seventh plates, according to the width of 
furrow and position of spines. On plates with a prominent angle 
the median spines are the longest and slenderest, being compressed, 
slightly taperiifg and blunt, while the lateral spines are shorter, 
stouter, and blunter and have their broad side to furrow. Subambu- 
lacral granules 16 to 26 in 8, sometimes 4, irregular rows; outer 
granules hemispherical, becoming somewhat 4-sided or prismatic 
toward the furrow, and in the disk the innermost series is enlarged 
into short tubercular subprismatic spines, which decrease in length 
as the base of ray is approached ; on the ray there are only granules. 
On the disk a few plates have a small pedicellaria with 8 slender 
curved jaws in the inner series of subambulacral spines opposite the 
furrow angle. 

Mouth plates with 11 or 12 furrow spines (as few as 10) and 2 
series of about 16 suboral spines and granules. The furrow margin, at 
the end of the plate, is hollowed out for the first tube foot, so that the 
marginal series of spines is not straight but in a compound curve. 
Near the inner end of the combined plates the suborals form a double 
series of 4 to 6 spines, each series diverging and running parallel to 
the furrow margin, the outer half of plate being occupied by 
granules. 

Madreporic body rather small, surrounded by 6 or 6 plates and 
situated one-third the distance from center to inner edge of marginal 
plates. 

Type.—C^ii. No. 30646, U.S.N.M. 

Type-locality. — Station 6622, between Gillolo and Makyan Islands, 
Molucca Islands, 276 fathoms, gray mud ; 1 specimen. 

Distribution. — Molucca Islands, 230 to 275 fathoms. 

Specimens exarmned. — ^The type and a specimen from station 6625; 
between Gillolo and Kayoa Islands, 230 fathoms gray mud, fine sand. 

Remarks. — ^This species differs from N. ludwigi (Koehler) in hav- 
ing broader rays at the base which taper more abruptly; more 
numerous marginals in each interbrachium ; wider adambulacrals 
with 8 or 4 rows of granules instead of 2; much more prominent 
apophyses proximally on the adambulacral plates; a few adambu- 
lacral and actinal intermediate but no marginal nor abactinal pedi- 
cellariae; madreporic body surroimded by 6 or 6 plates instead of 4. 
The marginals of N. temaZis Perrier are conspicuously tumid and the 
oral spines only 9. Perrier states that the apophysis starts at the 
twenty-fourth adambulacral plate, while in moluccanus the angle is 
well marked on the fifth plate and is apparent even before that. 
However, a specimen from the United States National Museum, taken 
at station 2398, referred to N. temalis, has the apophysis {^' saiUi^* 
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verHcale^^) apparent on the third, plate. This specimen has nar- 
rower rays than moluccanua^ larger radial plates, with more numer- 
^ous granules. It is probably not true temalis. Among the species 
figured by Perrier (1894) moltteeanus most nearly resembles in gen- 
eral appearance N. arenatus^ but the marginals are not so wide in 
proportion to length, there being fewer in each interbrachium than 
in arenatus; oral spines more numerous (9 in arenattu) ; furrow 
spines more numerous (7 in arenattis) ; subambulacral granules much 
more numerous. The form of the r^tdial plates will separate mohuh 
canus from beUi. 

NYBfPHAOTBB ABTHROGNBMIS FMer. 

Plate 64, fkg. 1; plate 65, fig. 4; plate 68, fig. 1; plate 60, fig. 1; plate 92, 

figs. 9, 9ar-b, 

Nympluuter arthrocnetnit Fishes, 1913a, p. 638. 

Diagnosis, — ^In the form of the marginal plates resembling N. ter- 
nalis^ (Perrier) but with smaller disk, longer rays, smaller radial 
abactinal plates, smaller papular areas; furrow angle of adambula- 
crals beginning with the third or fourth instead of the twenty-fourth 
plate; no adamfgilacral and marginal pedicellariae. Marginal 
plates tumid, the median line of ray depressed below the lateral angle 
of superomarginals; ray rather slender from the base, the width at 
inner end of first pair of superomarginals which meet medially 
equaling length of first 4 superomarginals (or a trifle less) ; radial 
plates hexagonal; mouth plates with 9 marginal spines and adam- 
bulacrals with at first 7 furrow spines and at middle of ray 9 to 11, 
usually 10; actinal granulation coarse; no pedicellariae except on 
abactinal plates. R=85+mm., r=21 mm., R=50ver 4 r (small por^ 
tion of tip of ray broken); breadth of ray at midinterbrachium, 
84 mm. 

Description. — ^Abactinal area, inside the marginal plates, nearly 
pentagonal and slightly produced at comer& Abactinal plates very 
regularly arranged, the papular areas comprising 6 or 7 rows of 
roundish hexagonal plates and the triangular interradial areas about 

7 chevrons of squarish or polygonal ones; or parallel with the me- 
dian radial series are on either side about 9 series, of which usually 

8 belong to the papular area ; basal or interradial plates conspicuous, 
slightly larger than madreporic body, and containing about 36 gran- 
ules. The larger median radial plates have 10 to 12 central and 
about 12 to 15 peripheral, subcircular (sometimes subpolygonal), flat- 
topped or slightly convex granules. The adradial plates have com- 
monly 5 to 10 central granules. These granules are not crowded, 
and a slight space occurs between the central group and the pe- 



» Perrier, 1884, pi. 10, flg. 1. 
18434— BulL 100—19 ^19 
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ripheral series. The interradial are involved in a thin membrui& 
The entire granulation of this species is coarser than in euryplax and 
moluccanus. A few plates of the papular areas have a small pedicel- 
laria with 2 broadly spatulate, almost truncate jaws. 

Superomarginals 33+9 tumid, with an oblique abactinal surf&a 
on disk, and a low lateral face; but beyond the fifth, which meets its 
fellow medially, the dorsal surface slopes inward toward the suture 
between the 2 opposite series and the lateral face is about half as 
high as width of abactinal. The angle between the 2 facets is lesi 
than a right angle, and the edge is slightly tumid and evenly rounded 
Also on the side of the ray the suture between the 2 series is in the 
bottom of a broad trough, the sloping sides of which are formed by 
the lateral facets of the 2 series. The superomarginals on disk 
extend laterally slightly beyond inferomarginals, and the dorsal sur- 
face of the plates is wider than long up to the ninth plate, on whidi 
the 2 dimensions are nearly equal ; thence the width decreases f asttf 
than the length. Granulation coarse, spaced, and similar to that of 
abactinal plates, increasing slightly in size on the outer exposed 
edge of the ray. On a single plate, close to the abactinal plates, is a 
small pedicellaria, but these are not a regular occurrence on thi 
superomarginals. The fourth and fifth plates are the largest 

Inferomarginals lower and narrower than superomarginals, and 
tumid, the first three being slightly wider than long, the fourth aboot 
as long as the width of actinal surface and from here on the widik 
narrows rapidly. (In N. temalis the eleventh plate is longer than 
wide, in arthroonemia it is the seventh if the chord of the extreme 
width is taken and the fifth if the width of the actinal face is con- 
sidered.) The 10 inferomarginals nearest middle of ray correspond 
to about 14 adambulacrals (18 or 19 in moluooanua). Granules 
similar to those of superomarginab, but a trifle larger on ventral 
surface. All the marginal sutures are deeper and wider than usual 
in this genus and probably act as fascioles. 

Actinal intermediate plates slightly convex^ in 4 chevrons and 
with three plates interradially next to margin, repres^iting the 
fifth chevron. The plates of the first chevron reach to the fonrtli 
inferomarginal. The plates are covered with coarse spaced hemi- 
spherical granules less depressed than the marginal. Sutures between 
the plates distinct and deep. 

First adambulacral with a nearly straight furrow comb of ( 
slightly fiattened four-sided spines tapering to a chisellike edge; 
second and third with a curved series; on the fourth plate an angle 
appears near the adoral margin which gradually increases in promi- 
nence up to the twelfth or fifteenth, and remains prominent to the 
end of ray. The spines increase to 9 or 10, the S or 4 on the apes 
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of angle being the slenderest, somewhat prismatic and compressed. 
On the adoral end of the series are usually 2 flattened, round-tipped 
spines, the side to furrow, and on the aboral end 8 or 4 similar 
but larger ones. The aboral facet of the angle is hollowed out to 
accommodate the tube foot Proximally the plates bear 2 or 3 
series of tubercular granules (7 to 9 in number) ; farther along ray 
where the angle is prominent there are about 15 in three irregular 
series parallel to margin. On the outer attenuate part of ray a 
granule spaced from the rest and sometimes slightly enlarged is 
found just back of the apex of the angle. No pedicellariae. Sutures 
between the plates unusually deep. 

Mouth plates with a straight furrow series of 9 or 10 spines like 
the adambulacrals except that the inner three become gradually en* 
l&rged and more compressed. Suboral granules 8 or 9, following 
the other margins of each plate, the inner 2 or 3 of the series adjacent 
to median suture being enlarged into short, stout wedge-shaped spinea 
It is noticeable that the ventral plates have more distinct spaces or 
sutures between them than have those of either euryplax or moluc- 
canus. 

Madreporic body subpentagonal, surrounded by 4 large plates, of 
which the largest, on the adcentral side, is the primary basal. The 
madreporite is a trifle smaller than the primary basals of the other 
4 interradii, and is situated about one-third the distance between 
center and inner edge of superomarginals. 

Yaufiff. — ^Two small specimens doubtfully referable to this species 
have less tumid marginals, broader rays, with the median abactinal 
depression less pronounced than in the adult. Oral spines 9 ; furrow 
spines at first 5 increasing to 9. 
Type.— Cat No. 80547, U.S.N.M. 

Type'localitf/.—Si2Ltion 5648, Buton Strait, Celebes (lat 5*^ 85' S.; 
long. 122* 20' E.), 559 fathoms, bottom temperature 89.2* F. ; 1 speci- 
men. 
DUtributiofL — Celebes. 

Specimens examined. — ^Three; the type and 2 young specimens 
doubtfully referred to this species from station 5G51, Oulf of Boni, 
Celebes, 700 fnthoms, green mud, bottom temperature 88.7* F. 

Remarks. — ^This species differs from N. euryplax in having nar- 
rower rays, tumid marginals, narrower and longer inferomarginals, 
radial abactinal plates which are not conspicuously wider than long, 
and 9 or 10 oral spines. In arthrocnemis the plates are more distinct, 
the granulation coarser, the primary basal plates larger, the madre- 
poric body surrounded by 4 (not 6) plates, and the dorsal surface of 
niy is marked by a shallow sulcus, of which the dorsal facets of the 
laperomarginals form the sides. From N. moluccanWy arthrocnemis 
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differs in having proximally narrower rays, differently formed su- 
peromarginals, which on disk extend laterally beyond the infero- 
marginals (not the reverse), in having coarser granules, larger 
primary basal plates, shorter furrow spines, especially the middle 
members, and fewer oral spines, the series of which is not incurved. 
The inferomarginal plates are narrower and more bandlike, on the 
ray and the superomarginals are much more numerous. Nymphaster 
nora Aleock has still longer rays (R=6.8 r) very narrow infero- 
marginals in the interbrachia, 12 furrow spines and 8 plates sor- 
rounding the madreporite. In the form of the marginal plates 
arthrocnemis closely resembles nora. 

NTBCPHASTEB MESEBES FMer. 

Plate 66, fig. 2; plate 67, fig. 2; plate 68, fig. 2; plate 69, fig. 2; plate 82, 

figs. 4, 4a. 

NympTiaster meBeres Fishes, 1918a, p. 689. 

Diagnosis, — Similar in proportions and general ioim to N. arthro- 
cnemis but marginal plates not tumid (although ray is sharply 
4-angled) and dorsal surface is subplane; sixth and sometimes fifth 
superomarginal longer than width of dorsal surface (tenth in 
arthrocnemis) ; third inferomarginal longer than width of its actinal 
surface; superomarginal and inferomarginal 2-]awed slender pedicel- 
lariae regularly present. Width of ray at proximal end of first pair 
of superomarginals which meet medially equaling first 8.5 to 8.66 
superomargijvals measured along ambitus; radial abactinal plates 
hexagonal to roundish; oral spines 9 to 11; furrow spines increasing 
from 5 or 6 to 10, 11, and 12 far along ray. R=about 60 mm., r=17 
mm., R=3.6 r±: ; breadth of ray at midinterbrachium, 19 mm. 

Description. — ^The abactinal plates are similar to those of arthro^ 
cnemis, but the primary apicals are smaller, being subequal to the 
largest radial paxillae, which have 8 or 10 central and 12 to 15 periph- 
eral granules. The papular areas seem to be relatively a little wider 
in meseres^ although the specimen is much smaller; 7 longitudinal 
rows are included in the papular areas, with a few plates of 2 addi- 
tional rows on some radii. 

One of the main differences is in the shape of the superomarginal 
plates which are like rectangular blocks with plane (not tumid) 
facets. The sutural line along side of ray is a trifle sunken, as also 
that of the midradial line on outer part of ray. The plates are 
sharply oblique in the midinterbrachia and the width decreases more 
rapidly over the length than in arthrocnemis^ as indicated in diag- 
nosis. Granules depressed hemispherical, rather coarse, and touch- 
ing one another, not spaced as in hahrotatus and atopics. Marginal 
pedicellariae few, slender, in the interbrachia. Terminal plate (of 
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cotjpe) longer than wide, broadly lanceolate, the pointed end prox- 
imal. Superomarginal plates 26+, a small portion of ray being 
missing. 

Inferomarginals longer than width of actinal surface (except 
first 1 or 2), and very narrow distally; 10 plates near middle of ray 
corresponding to about 16 adambulacrals; granules and pedicellariae 
as on superomarginals. 

Actinal interradial areas with 6 chevrons of plates which are a 
trifle swollen as in arthrocnemis; granules coarse, slightly spaced, 
larger in center than on periphery (not so in arthrocnemis where 
they are nearly uniform). 

Adambulacral plates with 5 or 6 spines on the first furrow margin, 
increasing to 11, or even 12 ; a slight angle appearing on the second 
or third plate but not becoming at all prominent until the eighth. 
Snbambulacral granules 15 to 18 in 3 irregular series. A very few 
of the proximal plates with a 2- or 8-jawed pedicellaria near the 
inner adoral comer. 

Marginal mouth spines 9 to 11 (10 or 11 in type), compressed; 
saboral granules in 2 series, a few of the innermost slightly en- 
larged 

Madreporic body medium-sized, surrounded by 5 or 6 plates; it 
is larger than the primary basal plates and is situated slightly less 
than one-third r from center — about as in arthrocnemis. 

Ttfpe.—CBt. No. 30548, U.S.N.M. 

Type-locality. — Station 6115, oflf northern Mindoro (Verde Island 
Passage), 840 fathoms. 

Distribution. — Known only from type-locality. 

Specimens examined. — ^Two, the type and an example from sta- 
tion 6114, type-locality, 340 fathoms, fine sand. 

Remarks. — ^This species, or perhaps only subspecies of arthrocne- 
row, is most likely to be confused with that form and with habro- 
tatus. It differs from hahrotatus in having square-angled rays with 
a plane dorsal surface, a closer marginal granulation, the sixth and 
sometimes the fifth superomarginal longer than width of its dorsal 
surface (ninth or tenth in habrotaius) ; 10 inferomarginals corre- 
sponding to about 16 adambulacrals (13 or 14 in Jiabrotattis) j 
coarser actinal interradial granulation; fewer mouth spines (12 to 
15 in habrotatus) ; primary apical plates smaller — ^not conspicuous, 
whereas they are in habrotatus. N. m^eres seems to be related to 
both habrotatus and arthrocnemis^ and rather closely, though it is 
separable readily enough with specimens in hand. 

Among the species described by Koehler from the Investigator 
ooOections the present form comes nearest to ludwigi^ which, how- 
ever, has wider superomarginals for they are not longer than wide 
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until after the twelfth plate (fourth or fifth in meseres) and the 
inferomarginals as viewed from below do not become longer than 
wide until after the fifth or sixth. In ludwigi the subambulacral 
granules are fewer in 2 regular series, and there are no adambulacral 
pedicellariae. N. lelli Eoehler has the radial plates conspicuously 
wider than long, while in N. temalis (Koehler, but not Perrier) the 
marginal plates have different proportions, the adambulacral fur- 
row spines are fewer (8) and pedicellariae much more numerous. 

I do not think the species which Eoehler identifies as Nymphaster 
temalis is really that form, apart from the improbability of a West 
Indian species being found in the Indian region. Judging by Per- 
rier's figure, the marginal plates of temalis are more tirniid and 
the abactinal radial plates larger. Perrier states that the apophysis 
of the adambulacral plates of temalis starts with the twenty-fourth 
plate. In Eoehler's species it starts on the third or fourth to 
fifteenth. In most of the species described in this report the apophy- 
sis starts near the base of the furrow on the first five adambulacral 
plates and is a rather conservative character. It is unlikely that 
so great a variation would be present in a single species. I have 
examined what purports to be N. temalis from the West Indies, 
but as it agrees with neither the figure nor description of Per- 
rier I think it likely that in the United States National Museum 
collection other species than true temalis masquerade under that 
name. This species has the apophysis starting on the third or 
fourth plate, and its superomarginals, instead of being swollen on 
the ray and slightly sunken in the midradial line, slope upward 
toward the median radial line. 



NTMPHASTEB HABBOTATUS I 

Plate 66, fig. 8; plate 67, fig. 8; plate 68, fig. 4; plate 69, fig. 4; plate 82, 

figs. 8, 8a. 

Nymphaster halMrotatua Fishkb, 1013a, p. 630. 

Diagnosis. — ^Rays long and slender bs in N. arthrocnemis^ but not 
tumid, the dorsal surface of ray evenly arched proximally and oral 
spines 12 to 15; contour of ray as seen from below even, not con- 
stricted at intervals; breadth of ray at inner end of the first pair of 
superomarginals which meet medially equal to first 3 to 8.5 supero- 
marginals measured on ambitus; superomarginals, as seen from 
above, wider than long up to the sixth or seventh ; the next 2 or 8 
squarish; granules round and well spaced; a few marginal 2-]aT7ed 
pedicellariae; median radial plates slightly wider than long, all 
slightly elevated; primary apical plates conspicuous; adambulacral 
plates with proximally 7 or 8 and farther along ray upward of 14 
furrow spines; apophysis beginning on second or third plate, but 
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becoming prominent gradually; adambulacral 2- to 4-jawcd pedi- 
ceilariae; tnird inferomarginal longer than wide as seen from below. 
B=76.5 mm., r=17 mm., R=4.5 r; breadth of ray at midinter- 
brachium, 19 mm. 

Description. — ^Abactinal area, circumscribed by the superomar- 
ginals, arcuate pentagonal with attenuate sharp corners; abactinal 
plates slightly elevated even on the interradial areas, but not high 
enough to be distinctly tabulate. Papular areas comprising 8 or 4 
rows on either side of the median radials which are slightly wider 
than long, subhexagonal, and with 3 to 8 central and 12 to 14 slightly 
smaller depressed granules; other radial plates subcircular and 
smaller. Primary basal and central plates conspicuously larger 
dian the others and with more granules. A few entrenched pedicel- 
lariae with 2 slender jaws are scattered over the radial areas. Plates 
of midradial and 2 parallel series on either side (papular area) pro- 
vided with 6 short pointed lobes (arcuately hexagonal), by which 
the distal plates touch, but do not quite touch proximally. The 
4 or 5 distal plates of the radial and adradial series are slightly 
wider than long, but the proximal plates are not The interradial 
plates are irregularly roundish without lobes, and as seen from with- 
in they are not in contact 

Superomarginal plates about 82, conspicuously sloping in the in- 
terbrachia and basal portion of ray, forming thereto an arched dorsal 
surface which gradually and at different points on the ray becomes 
horizontal or plane. Height of lateral face of ray proximally equal- 
ing width of dorsal face of superomarginal but distally slightly ex- 
ceeding it Fourth or fifth plate meeting its fellow medially ; abac- 
tinal surface of proximal plates up to the sixth or seventh wider than 
long; the next 2 or 3 are about as wide as long, and thence the width 
diminishes gradually (in N. meaereSy which somewhat resembles this 
species, the fifth plate is as wide as long or sometimes slightly longer 
than wide and the plates abruptly become longer than wide, not 
gradually; also the abactinal surface of ray is plane with abrupt 
angles). Lateral angle of ray rounded; side of ray straight as 
viewed from above, the plates not being tumid. Suture between 
Bopero- and inferomarginals in a slight depression. Granules cir- 
tokr, depressed, spaced about their own diameter or slightly less. 
A few small, entrenched, slender 2-jawed pedicellariae are present 
In the interbrachia the superomarginals extend laterally beyond the 
inferomarginals. Terminal plate small, ovoid. 

Inferomarginals nearly square interradially, but the thirds is 
rii^tly longer than width of actinal face ; height of inferomarginals 
ibout one-half that of superomarginals and on ray about equal to 
pte actinal width the surface being evenly rounded from the inner to 
<nter edge. Ten plates near middle of ray correspond to 13 or 14 
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adambulacrals. Granulation similar to that of superomargbaLs, 
and a few similar pedicellariae are present 

Actinal intermediate plates perfectly flat, in about 5 chevrons, and 
irregular as to size and shape, but usually with 5 sides. Granules 
similar in size to those of inferomarginal plates, but more spher- 
ical or acorn-shaped. Sometimes 1 or 2 two-jawed entrenched pedi- 
cellariae are present in an interradial triangle. 

First adambulacral with 7 or 8 slender compressed, blunt spines 
in a nearly straight series. The first appearance of the apophysis 
is in the second or third plate, but it does not become very prominent 
until the eighth to twelfth. The spines gradually increase in num- 
ber to 12, 18, or 14. The central 3 to 5 spines on the distal plates are 
shorter and slenderer than the laterals, and on the proximal plates 
they are slenderer and subequal. In short, they have the usual rela- 
tions, and the distal plates are longer than wide. Subambulacral 
granules rather variable. In the type there are 15 to 20, in about 
8 series, several of the inner series being enlarged on the first 10 
plates into short, granuliform, sharp tubercles. Near the adoral 
bdfder of a comparatively few of the proximal plates of type is a 
2- or 3-jawed pedicellaria in the innermost suboral series. The jaws 
are slender and curved inward. In specimens from stations 5423 
and 5424, which in several details depart slightly from the type, 
the pedicellariae are more numerou& In the specimen from station 
5424 the pedicellariae usually have 8 jaws, and with a few exceptions 
occur on all the first 25 to 80 plates. 

Mouth plates with a long and rather narrow mouth angle; mar- 
ginal spines 12 to 15, usually 14 in type, similar to the furrow 
spines but stouter and more compressed, gradually increasing in 
fflze toward the inner angle of plate, most of the spines being thin, 
petaloid, and round-tipped. Suboral granules 12 to 18; a series of 
6 or 6 parallel to furrow series are enlarged into flattened tubercular 
spines. 

Madreporic body larger than the primary basal plates, and situ* 
ated about a third the distance from center to ambitus. It is su^ 
rounded by 4 plates, with 2 others encroaching somewhat upon them. 

Gonads in a single tuft on either side of the membranous inter- 
brachial septum. 

Type.— Cvit. No. 80549, U.S.N.M. 

Type-locality. — Station 5491, between Leyte and Mindanao, 736 
fathoms, green mud, coral; bottom temperature, 52.8® F.; 2 speci- 
mens. 

Distribution. — Sulu Sea to the Surigao Sea, north of Mindanao^ 
840 to 786 fathoms. 

Specimens examined. — ^Five, 2 from the type-locality and 8 from 
the following stations: 
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Station 5428, Sulu Sea near Cagayanes Islands, 608 fathoms, gray 
mud, coral sand; bottom temperature, 49.8^ F. ; 1 specimen. 

Station 5424, same locality, 840 fathoms, coral sand; bottom tem- 
perature, 50.4^ F. ; 2 specimens. 

Remarks. — ^This species differs from euryplaa and moluocanuB in 
having narrower rays, which are arched proximally ; in having the 
saperomarginals extending laterally farther than the inferomar- 
ginals, not the reverse; from euryplax further in having more nu- 
merous oral spines, more numerous furrow spines, and radial plates 
not conspicuously widened; from moluccanus also in having nar- 
rower snperomarginals and marginal pedicellariae; from arthro- 
enemis in lacking swollen marginals and the characteristic depres- 
sion along the ray, in having plane not tumid actinal intermediate 
plates, more numerous oral and furrow spines, finer granules, mar- 
ginal and adambulacral pedicellariae; from atojma in having 6 
(young) to 10 interbrachial snperomarginals (not 4), numerous 
pedicellariae, larger, slightly elevated abactinal plates, more numer- 
ous mouth spines, and stouter inferomarginal plates. The characters 
which separate this form from meseres are noted under that speciea 

NTBdVEUSTER ATOPU8 VlahM. 

Plate 68, fig. 4; plate 64, fig. 2; plate 60, fig. 6; plate 70, fig. 4; plate 02, 

figs. 7, 7a. 

NympJiaster atopu8, Fibheb, 1913a, p. 640. 

Diagnosis. — ^Differing from other species herein described in having 
only 4 interbrachial snperomarginals; rays slender, the width at outer 
end of second snperomarginals (which corresponds in position to the 
inner end of the first pair of plates which meet medially, in other 
species) equaling length of first 8 superomarginals measured on am- 
bitus; snperomarginals longer than wide; inferomarginals on ray 
very slender, resembling terete rods placed end to end; marginal 
granulation relatively coarse, spaced ; abactinal plates small, round- 
ish hexagonal, with few granules; oral spines 9 or 10; adambulacral 
furrow spines proximally 7 or 8, then 10 or 11 ; apophysis is promi- 
nent from the third plate on ; distal plates much longer than wide, 
with 1 series of granules and a few extra in the angle of the apophy- 
sis; about 15 or 16 adambulacrals corresponding to 10 inferomargi- 
nals of ray. Cotype, K=43+nmi., r=9 mm., B=at least 5 r (tip of 
ray broken). 

Description. — ^Abactinal area, within the marginal plates, pentago- 
nal and bounded on each side by 4 snperomarginals. Abactinal 
plates small, slightly convex, the papular areas comprising 5 longi- 
tudinal series of roundish hexagonal plates and the interradial areas, 
about 4 chevrons of still smaller roundish or irregularly polygonal 
ones. Badial plates with 1 central and 6 or 7 peripheral subspherical 
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beadlike granules; the adradinl and next adjacent series with 4 or 5 
granules and usually no central ; the interradial plates with 4 to 6 
gifinules. A very few of the radial plates of type (only) have a deli- 
cate pedicel laria with 2 slender jaws longer than the granules. 

Superomarginals massive proximally, 22 on longest ray, forming 
an arched bevel to the margin of interbrachial spaces. Base of ray 
very slightly arched abactinally — ^nearly plane — but with a well- 
rounded, abrupt, slightly swollen angle between the dorsal and lat- 
eral facets of the plate. On outer part of ray the dorsal surface is 
arched so that the distal attenuate portion of ray is subterete. Proxi- 
mally the height of the plate is about half the width of dorsal sur- 
face, and distally about equal to it The third plate is about as long 
as wide, but thence the width decreases more rapidly than the length, 
so that all the subsequent plates are longer than wide. Granulation 
coarse; granules circular, depressed, subtruncate or convex, and 
spaced slightly less to sli^tly more than their own diameter apart 

Inferomarginals slightly tumid and very narrow on the ray, and 
all are longer than width of actinal surface. Inner edge of first plate 
about as long as chord of extreme width, or exceeding width of ven- 
tral surface alone; second plate slightly narrower; third plate one 
and one-half times as long as wide. From here the plates become 
rapidly narrower; and the surface being evenly rounded from the 
inner to outer edge, they resemble short terete rods placed end to end. 
Ten inferomarginals near center of ray correspond to 15 or 16 adam- 
bulacrals. On. the outer part of ray the inferomarginals are about 
as wide as the adambulacrals, and about half as wide as ::he supero- 
marginals. In the interbrachia and along proximal half of ray the 
lateral suture between superomarginals and inferomarginals is 
slightly depressed owing to the slightly swollen lateral facets of the 
plates. Granules subspherical, slightly smaller than the superomar- 
ginal granules and similarly spaced. Proximally there are about 9 
in the length of a plate; distally about 7 or 8. 

Actinal intermediate plates in 8 chevrons, the outer reaching mid- 
dle of second plate. Granules thimble-shaped or acorn-shaped, spaced 
about as those of inferomarginals and similar to them in size. 

First 2 adambulacral plates without perceptible furrow angle and 
with 7 or 8 rather slender 4-sided spines of about equal width through- 
out, but tapering to a subtruncate tip somewhat like a wedge. Third 
plate with angle near proximal side, which rapidly increases in promi- 
nence until the sixth to eighth plates, beyond which there is a gradual 
broadening of the apophysis, as the plates become much narrower 
owing to the tenuity of ray. As a consequence of this the plates are 
much longer than wide, the apophysis is broad and less prominent, 
so that the circular compartments in which the tube feet are lodged 
are separated by more than their own diameter. Where the apophysis 
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is most prominent there are 10 or 11 furrow spines, the median slen- 
der, pointed, compressed, with edge to furrow, the laterals stouter, a 
trifle longer, tapering, and with flat side to furrow. The distal facet 
of each hypophysis is slightly hollowed out The lateral spines of 
4 adambulacral plates bend down over the compartment in which 
the tube feet are lodged — i or 5 from each distal facet and about 4 
from each adoral facet, forming an effective operculum of 16 to 20 
converging spines. Suboral granules proximally 6 to 9, conical and 
subspinose, shorter and thicker than the furrow spines and arranged 
in 2 series. Far along ray are about 8 or 10 conical granules in a 
series of 5 to 7 on the outer edge of plate, with a group of 2 to 4 be- 
tween it and the angular-furrow series. Two or three of the proxi- 
mal plates of each series have a pedicellaria in the inner series of 
granules consisting of 2 to 4 tapering jaws. 

Mouth plates with a fairly straight furrow series of 9 or 10 spines 
omilar to the furrow spines of the first 2 adambulacral plates, but 
slightly more compressed, and the inner 2 or 8 are conspicuously 
larger. Suboral granules 7 or 8 slightly spaced, the inner 1 or 2 of 
the [median] sutural series being tuberculate. 

Madreporic body small, surrounded by 4 plates, of which the ad- 
central basal plate is the largest; it is situated nearly halfway be- 
tween center and margin. 

Type.— Cfit No. 30650, U.S.N.M. 

Type-locality.— Steition 5428, Sulu Sea, off Palawan (lat. 9° 13' N.; 
long. 118® 51' 15" E.), 1,105 fathoms, gray mud; bottom tempera- 
ture 49.7° F. ; 3 specimens. 

Dutrihutum. — ^Known only from the type-locality. 

Remarks. — ^This species is remarkable for having only 4 superomar- 
ginal and 4 inferomarginal plates in each interbrachial space; in 
other words, the second superomarginal is the largest and is in con- 
tact with its fellow medially. No other described species has so few ; 
even the young specimens of artkrocnemis have at least 6. However, 
Perrier figures some very immature forms with only 4 interbrachial 
superomarginals, but these are tiny specimens. 

Nymphaster atopus lives in the great depths of the Sulu Sea, which 
are pretty effectually isolated from other abyssal areas. 

Genus SPHAERIODISCUS Fisher. 

Sphaeriodiscus Fisheb, 1910, p. 171; lOlld, p. 167. Type, Stephanaater 
hourgeti Perrier. 

SPHAEBIODISCUS SCOTOCBTPTUS Fisher. 

Plate 79, fig. 5 ; plate 80, fig. 4 ; plate 83, figs. 6, 7 ; plate 92, figs. 10, lOa. 
Sphaeriodiscui scotocryptua Fisheb, 1913a, p. 641. 

Diagnom. — ^In general appearance greatly resembling CeramoBter 
granularis (except as regards the enlarged antepenultimate supero- 
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marginals). Differing from S. ammophihis (Fisher) and S. bwrgeH 
(Perrier) in having much narrower superomarginals, more restricted 
papular areas, much longer adambulacral plates, with more numerous 
furrow spines and larger mouth plates. Form pentagonal, with 
straight sides, produced at angles into rays, only 2 superomarginals 
in length. Superomarginals narrow, increasing slightly in size up 
to the third, the remaining 2 being smaller; surface bare, except 
for scattered granules, and several rows near margin. Abactinal 
plates granulate, a comparatively few of the radial and adradial 
series being low tabulate; plates hexagonal on radial regions, gen- 
erally 4-sided interradially, and irregularly hexagonal on center of 
disk. Adambulacral plates longer than wide, or as long as wide, 
with a straight-edged furrow comb of 9 or 10 flattened, rather narrow 
truncate spines, and spaced from these 2 or 8 subambulacral series 
of granules, the inner the larger. Mouth plates large, with 15 to 17 
furrow spines. Abactinal, marginal, and actinal intermediate spata- 
late pedicellariae with " sugar-tongs " jaws. R=82 mm., r=22 mm., 
R=1.46 r. 

Description. — ^Abactinal area pentagonal, the plates being flat and 
only those of the very restricted papular areas slightly tabulate. 
All are covered with uniform, depressed, subtruncate, hemispherical 
granules, those in the central part of the plate being spaced one- 
third to one-half the diameter of a granule; those on the periphery 
just touching. Scattered over the radial and interradial regions 
are numerous small pedicellariae, with 2 narrow jaws abruptly 
widened and spatulate at the tip, and with a rather narrow base; 
length of jaw about width of 2 granules. Sometimes the spatulate 
part is notched or denticulate, sometimes entire. The papular areas 
are restricted to the radial and either adradial series of plates. There 
are 9 or 10 radial plates, but only about 6 of the radial and 6 of 
the adradial series are tabulate. These plates are hexagonal or (being 
usually a little longer than wide) kite-shaped. In the middle of 
the papular areas the lateral peripheral granules are slightly length- 
ened, truncate, and have the appearance of acting as opercula to pro- 
tect the papulae beneath. The interradial plates are four or five 
sided, or if six-sided the plates appear to be four-sided with 2 oppo- 
site corners cut off. 

The plates of the papular areas, seen from the coelomic side, 
have 6 short, broad lobes, directed slightly downward, by which the 
plates join. They are most pronounced on the radial plates, and the 
kite-shaped plates have a strong lateral lobe on either side, the 
rest being suppressed. The adradial and adjacent series have very 
short lobes. 

Superomarginal plates narrow. First 2 longer than extreme 
width ; third much wider at distal transverse suture than at proidmal, 
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and touching its fellow of the opposite side by the distal inner comer. 
Sixth plate narrower distally than prozimally and smaller than the 
fifth. It meets its fellow of the other side. Seventh plate small 
and tumid. The plates form a well-rounded margin to the disk, but 
rather more of the plate faces dorsally than laterally. The plates 
are surrounded by a series of regular granules resembling those of 
the abactinal plates and the lateral face of the plate has 2 to 5 
additional rows of rather deciduous granules. On the inner mar- 
gin of the first 4 plates there is an additional irregular series of 
granules, which sometimes continues part way along the transverse 
margins. The dorsal surface of the first 3 and practically all the 
surface of the last 3 plates is bare, except for a few scattered gran- 
ules and 1 or 2 pedicellariae. Terminal plate somewhat top-shaped, 
with two truncate tubercular granules on the distal truncate end. 

Inferomarginals arched actinally and encroaching upon actinal 
area more than do the superomarginals upon the abactinal. They 
are all longer than wide; the lateral face is about half as wide as the 
ventral and merges with it gradually. The plates decrease gradually 
in size distad and correspond pretty closely to the superomarginals. 
The ventral service is bare, except for comparatively numerous 
widely spaced deciduous granules, but the margins of the plate 
are granulate for the width of 4 to 6 series except the last 2 or 8 
plates, which have only 1 or 2 margmal serie& Some of the plates 
have a lateral pedicellaria. 

Actinal intermediate plates flat, granulate, in 7 chevrons, the out- 
line of the plates being irregularly polygonal, and the granulation 
spaced for half the width, or more, of the granules. The series ad- 
jacent to the adambulacrals reaches to the middle of the third inf ero- 
marginal and bears an occasional 2-jawed spatulate pedicellaria. 
Each chevron has an odd interradial plate at its apex, 

Adambulacral plates slightly longer than wide, or square, with a 
nearly straight furrow margin bearing a regular straight-edged comb 
of proximally 9 or 10, distally 7 or 8, flattened, rather narrow, trun- 
cate spines. Proximally these are shorter than the width of plate; 
sometimes the broader side is toward furrow (especially proximally) 
and sometimes the edge is to furrow (distally). Spaced from these 
by a conspicuous interval is a straight longitudinal series of 4 or 6 
compressed, tubercular spiniform granules, much shorter than the 
furrow spines, one of which distally becomes enlarged into a tubiercle 
as often occurs in the Goniasteridae. This tubercle is less evident in 
S. ammophiltis. The proximal 6 or 6 plates have 1 and the rest 
2 or 2.5 additional longitudinal series of small granules (6 to 12) 
similar to those of the actinal intermediate plates. • 
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Mouth plates large with the farrow margin about twice as long 
as that adjacent to first adambulacral plate. Farrow series: 15 to 
17 compressed chisel-pointed spines, the inner 8 or 4 gradually 
enlarged and prismatic, the innermost being widest, and blade- 
like. Actinal surface with about 3 series of granules parallel to the 
furrow, a pair just back of the teeth enlarged into prismatic spines; 
median suture rather prominent; actinal surface of plates slightly 
convex. 

Madreporic body rather small, surrounded by 6 plates, and atu- 
ated one-third r from center. 

The gonads are single, one on either side of the membranous inter- 
brachial septum, situated between the third and fourth longitudinal 
series of radial plates and about 6 mm. from the margin. No rudi- 
mentary superambulacral ossicles. 

Typ^.— Cat. No. 80558, U.S.N.M. 

Type-locality. — Station 5425, Sulu Sea, near Cagayan Island, 495 
fathoms, gray mud, coral sand, bottom temperature 49.4^ F.; 1 
specimen. 

Distribution. — ^Known only from type-locality. 

Remarks. — ^Although this species is very different from ^S^. bourgeti 
and S. ammophUus in having narrow superomarginals and larger 
adambulacral plates with numerous furrow spines, I think it is 
referable to Sphaeriodiscus. The abactinal plating, marginal granu- 
lation, and slightly enlarged antepenultimate superomarginal are 
characteristic. I have examined the gonads and abactinal plates of 
S. ammophUus and they agree with those of ^S^. scotocryptus. In the 
former the plates of the very restricted papular areas are 4- to 6- 
lobed, the lobes being short, sharply truncate, and joining closely 
end to end the lobes of adjacent plates. In the radial series the 
lateral lobes (2 on either side) are developed more fully than the 
other 2, which may be lacking. The form of the lobing is exactly 
similar to that of S. ammophUus^ even to the larger lateral lobes. 
It would seem that the very small papular areas are also character- 
istic of the genus. S. ammophUus has single gonads, situated as in 
S. scotocryptus. 

Geiiiis PELT ASTER YerrflL 

Peltaiter Yebbiix, 1800, p. 168. Ty^ P. heh€$ VerrlU l^Goniaster fOdaro- 
iieniis Storm).— FiBHEB 1911(f, p. 171. 

PELTASTER CYCLOPLAX Fisher. 

Plate 74, fig. 1; plate 75; plate 88, fig: 1; plate 02, flfis. 11, IIohL 
Peltasier eycloplam Fisheb, 1013a, p. 841. 

Diagnosis. — ^Differing from P. nidarosienais (Storm) in having 
entrenched, 2-jawed, pincer-shaped or "sugar-tongs" pedicellariae 
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instead of the sessile, bivalved type ; in having very many more gran- 
ules on the abactinal plates, more tumid and longer proximal supero- 
marginal plates, and very numerous actinal intermediate pedicel- 
lariae; rays longer. General form stellate, with short rays and 
shallow, arcuate, interbrachia ; K=109 mm., r— 51 mm., K=2.1 r; 
breadth of ray at midinterbrachium, CO nun. Abactinal plates finely 
granulated, the larger primary plates with 35 or 40 peripheral and 
120 central, slightly smaller granules; proximal radial plates sur- 
rounded, partially or wholly, by smaller, secondary plates; very 
numerous small abactinal, broadly spoon-shaped, denticulate pedicel- 
lariae; superomarginals proximally very tumid, 15 or 16 to the ray, 
closely granulate except for a central irregular bare space on many 
plates; a few superomarginal and inferomarginal pedicellariae ; actinal 
intermediate areas very large, closely granulate, nearly all the plates 
with 1 or sometimes 2 forceps pedicellariae, so that in the aggregate 
they appear very numerous, the plates being small; adambulacral 
plates with 5 or 6 stout, blunt, 4-sided or compressed furrow spines 
and 2 arcuate series of subambulacral spines (4 or 5 in each series), 
followed by 12 to 15 granules in 2 crowded, irregular series. 

Description. — ^Abactinal plates all clearly distinguishable and 
arranged regularly on the radial areas and outer parts of interradial 
areas, but not very regularly on center of disk. Primary plates of 
radial areas hexagonal, arranged in a radial series and 3 longitu- 
dinal series on either side, these interspersed and surrounded by 
smaller, irregularly polygonal, roundish, or oblong plates, 6 to 8 
about each plate. Proximally the consecutive radial and adradials 
are separated by oblong or very much compressed, often irregular, 
hexagonal ones, but near the middle of B these disappear from the 
radial series and, also successively, a little nearer to center of disk 
from the other 3 series. For a short distance beyond the middle 
of R the secondary plates are found only at the sides of the lateral 
series, but in the other series the lateral plates disappear about as 
quickly as the transverse ones. The intermediate plates occupy, then, 
a petaloid radial area extending about to the middle of B, and also 
the center of disk, but here tliere is less difference in size between 
the 2 kinds. Interradial plates numerous, gradually changing from 
hexagonal to lozenge-shaped. There are many irregular forms, 4- to 
6-sided or even roundish toward center of disk. All the plates are 
covered with a fine, close granulation, the peripheral granules being 
flattened, truncate, or finger-nail-shaped and distinctly larger than 
the circular depressed central granules, which decrease slightly in 
size toward the center of plate. A proximal radial plate has upward 
of 85 or 40 peripheral and 120 central granules, all having the 
appearance of being immersed in a soft, transparent matrix. Most 
of the plates also bear an entrenched sugar-tongs pedicellaria with 
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2 broadly spoon-shaped denticulate jaws, the width of the rounded 
or ovoid expanded part sometimes nearly equaling the total height, 
which equals width of 2 or 2.5 peripheral granules. The base of 
the pedicellaria is narrower than the rounded or ovoid distal portion 
and the jaw is constricted just above the base. 

The edges of the plate fit together tightly, there being no inter- 
spaces, and no papulae can be seen. The 5 primary interradial plates 
can be distinguished by their slightly greater size. 

The papular area is very extensive and can not be seen from the 
outside. It includes the whole dorsal surface, with the exception of 
a band averaging 6 mm. wide, adjacent to the marginal plates, and on 
either side of the interbrachial septum, extending inward nearly to 
center of disk. Viewed from the coelomic side the abactinal plates 
are even more regular than from an external view. The large pri- 
mary plates of the radial area are roundish, with 6 to 8 facets, be- 
tween each of which is a papula. The secondary plates are more 
irregular, with 6 or 6 slight indentations separating the margin into 
as many short lobes; or there may be no lobing but only 5 to 7 un- 
equal facets. The lateral radial plates outside the area of intermedi- 
ates are more regularly hexagonal. 

Superomarginal plates, 15 or 16 to the ray, the proximal 5 or 6 
very tumid and abactinal in position, the succeeding plates less tumid 
and with their transverse axis becoming more and more oblique to 
the abactinal plane. First plate slightly wider than long; succeeding 
5 or 6 plates longer than wide; the remaining plates shortening and 
increasing in width so that the penultimate is wider than the plates 
of the midregion of ray, but not quite so wide as the first 2 plates* 
Granulation close and fine, similar to that of abactinal plate. Most 
of the plates have 1 or 2 pedicellariae similar to the abactinal. The 
first 4 or 5 plates have an irregular bare space in the middle, and in 
this there are irregular groups and lines of granules. Some of the 
outer plates show a similar bare space, but much smaller. Terminal 
plate rather obovoid, or ovoid, and narrowed at either end. 

Inf eromarginals confined mostly to side wall of ray, closely granu- 
late, and often with a pedicellaria. General surface slightly arched 
but not markedly tumid ; first plate as wide as long; the next 7 longer 
than wide and the remainder wider than long. The fifth or sixth 
to fourteenth plates do not correspond in the 2 series but even alter- 
nate. The plates of the 2 series have nearly the same area ; sometimes 
the superomarginals are a shade larger, sometimes the inferomar- 
ginals exceed, especially distally. 

Actinal intermediate areas very large, closely granulate, the gran- 
ules convex and coarser than those of inferomarginal plates. Nearly 
all the plates have 1 or, near the furrow, 2 entrenched pedicellariae 
with 2 spatulate jaws often not so wide as those of abactinal surface. 
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The pedicellariae are so numerous as to closely dot the surface, the 
plates being rather small, 4-sided (sometimes 5 or 6 near margin), 
those nearest furrow rectangulaf * and largest, the rest gradually de- 
creasing in size and changing to lozenge-shape, or lozenge-shape 
with 2 comers cut off (6-sided). There are about 12 chevrons of 
them. 

Adambulacral plates wider than long, close-set. Furrow spines 
5 or 6, stout, blunt, 4-sided, or compressed and 3-sided, subequal, 
sometimes placed slightly obliquely, so that the aboral end of the 
dose comb overlaps the adoral end of the succeeding comb. The 
spines are as long or slightly longer than the plate, and the armature 
of the actinal surface is graduated in size from the furrow spines 
gradually into that of the intermediate plates. First there are 2 
trcuate series, each of 4 or 5 prismatic or 4-sided spines, heavier but 
shorter than the furrow spines, and on the outer part of plate 12 to 
15 rather crowded granules in 2 irregular series. Near the end of 
ray one of the spines of the first actinal series is enlarged into a 
davate or acorn-shaped tubercle, and here also the plates may bear 
a 2-jawed spatulate pedicellaria, but they are not numerous. A 
Tery few of the proximal plates may also bear a 2-jawed pedicellaria. 
Mouth plates fiat, with very regular, straight furrow margin, the 
5 pairs of mouth plates completely closing actinostome. Furrow 
spines 9 to 11, truncate, 4-sided, the innermost much compressed and 
bladelike. The end of the spines has 1 or more tiny granuliform 
eminences. Parallel to furrow are 2 series, each of 6 or 7 stout 
tnmcate 4-sided or prismatic spines, and on the outer part of plate 
18 to 20 granules in about 8 interradially directed series. 

Madreporic body large, fiat, about twice the diameter of a basal 
plate, and with very fine, numerous, radiating striae; situated one- 
third distance from center to inner edge of marginal plates. 

The gonads form 2 or 8 tufts on either side of the interbrachial 
I septum and parallel to it. Hepatic coeca large, extending half the 
length of ray; Polian vesicles large. 

I One of the rays has been injured at the tip, and now has 2 tips 
I with the bud of a third. 
i ryp6.— Cat. No. 80552, U.S.N.M. 

j Type-locality, — Station 5279, between Lubang and Luzon, south- 
I west of Manila Bay, 117 fathoms, green mud. 
I Distribution, — ^Known only from the type-locality. 
I Remarks. — This species differs from P. nidarosiensis (Storm) ^ in 
I having the abactinal plates perfectly distinct, though closely granu- 
1 lated, very many more granules to a plate, very numerous abactinal 
I pedicellariae, more tumid and longer proximal superomarginal 

* Oriex, GonUster nldarosleiudB, Stonn OB deni lynoigniier. Bergena MaMimui AartMff, 
I li05, Ko. 8. 9- 10. 

134S4-^BolL 100—19 20 
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plates, very numerous actinal intermediate pedicellariae. The pedi- 
cellariae of P. nidarosienais are of the bivalve, sessile type charac- 
teristic of Hippasteria, whereas in cycloplax they are of the en- 
trenched 2-jawed sugar-tongs type, similar to those of NympJuutery 
and other related genera. If P. hebes Verrill is distinct from ni- 
daro8ien8is it will differ from cycloplax in practically the same char- 
acters as P. nidaroaienaia. P. planus Verrill lacks pedicellariae en- 
tirely, and has fewer abactinal granules to the plate, wider and less 
tumid superomarginal plates, and only 3 or 4 furrow spines. 

Geiiiis PONTIOCERAMUS Fisher. 

PonUocerath/ua Fibhsb, 1911c, p. 420. Type, P. ffrandiB Fisher. 

Diagnoaia. — Stellate, with a large disk and relatively short rays. 
Related to Plinthaater Verrill, but differing in having the surface of 
the abactinal plates perfectly smooth, not covered with minute 
bosses, in having the plates of the papular areas low-tabulate, and 
the adambulacral plates with an angular furrow margin armed with 
numerous short stubby spinelets; no conspicuously enlarged sub- 
ambulacral spine on distal part of ray. Abactinal and marginal 
plates bordered by a single series of small granules, the latter also 
with some on lateral face of ray, all flush with level of plate. Last 
few superomarginals in contact medially. Actinal intermediate 
plates reaching far along ray, closely granulate, and with small bi- 
valved excavate pedicellariae about as high as wide. Adambulacral 
plates proximally very narrow, distally becoming wider; with a large 
subambulacral toothed bivalved pedicellaria, and 10 or 11 furrow 
spinelets in angular series. No smaller secondary abactinal plates. 



PONTIOCEIUMUS GBANDIS J 

Plate 77, fig. 8; plate 78, fig. 8; plate 88, fig. 4; plate 93, figs. 4, 4ii-&. 

Pantioceramua grandia Fibwol, 1911c, p. 421. 

Diagnoaia. — Size large; stellate, with a large disk, shallow inter- 
brachia, and short bluntly pointed rays, arcuately tapering from a 
very broad base to an attenunate extremity, the last 5 to 8 supero* 
marginals being in contact; abactinal plates numerous, with very 
smooth surface bordered by immersed granules flush with surface, 
the central and radial areas having the plates low-tabulate and 
hexagonal; marginal plates conspicuous, decreasing in size gradu- 
ally, and bordered by flush granules; actinal intermediate plates nu- 
merous, granulate those nearest furrow with 1 or 2 small, denticu- 
late, bivalved pedicellariae; furrow spinelets 11 or 12, short, stout, 
blunt, forming an obtusely angular series, the apex varying in posi- 



Digitized by LjOOQ IC 



8IABFI8HE8 OF THE PHILIPPINE SEAS. 295 

tion between the adoral edge and middle; proximally a large 
bivalved subambulacral pedicellaria near furrow, the remainder of 
plate being occupied by rather small granules, those in line with 
pedicellaria being enlarged and subspinose. 

Description. — ^Abactinal plates numerous, with a very smooth and 
slightly convex surface, on the radial region regularly hexagonal, 
and on center of disk and in about 9 longitudinal (radial) series dis- 
tinctly tabulate, each tabulum surrounded by 6 papulae, the area of 
tabulate plates reaching about two-fifths R. The papular areas are 
proximally considerably wider than the area of obviously tabulate 
plates. Interradial plates flat, irregularly four- to six-sided. All 
abactinal plates surrounded by a single series of flat squarish gran- 
ules, set in membrane and flush with surface of plate, those on the 
radial plates hard to 8ee,,and larger on the lateral than on the trans- 
Yerse margins of tabulum* 

The median radial plates, as viewed from the inner or coelomic 
side, are wider than long with 8 short trimcate lobes in the middle 
third of the series; proximally the plates are roundish with 6 lobes; 
distally there are 6 lobes, and the plates are wider than long; the 
adradial and 2 adjacent series have successively shorter lobes, which 
are strongest on the adcentral side, while the other plates of the 
papular areas are roundish with slight indentations to allow the 
passage of the 6 pupulae. The interradial plates are lozenge-shape, 
sometimes with the comers truncated. In the case of the radial 
plates the transition between the 6- and 8-lobed plates is caused by 
the gradual splitting of each distal and proximal lobe into two. 

Marginal plates conspicuous. Superomarginals (80 to a ray) 
form an even, slightly arched bevel in interbrachium, but on ray a 
rounded angle, being there somewhat wider than high. Proximal 
superomarginals decidedly wider than long, the width very grad- 
ually and uniformly decreasing toward the end of ray, while the 
tmnidity of the plates gradually increases. Plates surrounded by a 
single series of sAiall flush granules forming an inconspicuous border, 
and in addition, on the lateral face of ray, adjacent to the outer or 
lower edge, is a second series with a few scattered granules above. 
On the outer part of ray there is but the single marginal series. The 
distal 5 to 8 superomarginals are in contact medially, while usually 
1 or 2 others touch and segregate 1 or 2 of the distal median radial 
plates. Terminal plate much broader than long, truncate distally, 
but roughly cordif orm. 

On the outer part of ray the inferomarginals extend laterally a 
trifle beyond the superomarginals. The amount to which the infero- 
marginals encroach upon disk is variable. The plates form a 
rounded bevel in interbrachium, but a rounded angle on the ray, and 
are surrounded by 2 series of granules similar to those of superomar^ 
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ginals, becoming reduced to a single series near the end of ray. In 
addition the longitudinal borders of plate usually have an additional 
series, with a few odd granules in the comers or scattered on the 
lateral face. 

Actinal intermediate plates very numerous, those nearest furrow 
the largest and with the next or next two parallel series forming 
fairly regular chevrons, the plates reaching to the twenty-first or 
twenty-second inferomarginal. The other plates are irregularly 
arranged. All are closely granulate, the granules flat and immersed 
in thin membrane. The plates next to adambulacrals bear one or 
two small, rather delicate, bivalved pedicellariae, whose denticulate 
jaws are slightly wider than high (the larger ones) or as wide as 
high (smaller) and fit into slight depressions when open. 

Adambulacral plates proximally long and narrow, very gradually 
widening on outer half of R, until near tip; beyond the last actinal 
intermediate plates they are as wide as long. Each plate is angular 
toward furrow, the angle being sharper deep in furrow than on 
margin, and is usually adoral to the middle of plate, varying in 
position between the middle and adoral margin of plate. Furrow 
spinelets 11 or 12, stout, short, round-tipped or blunt, much flat- 
tened, those near the angle of margin with edge to furrow, the others 
with flat side thereto. The aboral spinelet of the series is the broad- 
est and stoutest, and often the adoral spinelet is similarily enlarged. 
This spinelet or really granule is most conspicuous near the end of 
ray, where the furrow angles, meeting medially from the 2 sides, 
segregate the tube feet as in Nymphaater. The spinelets near either 
end of the series form an operculum, closing this compartment when 
the tube feet are withdrawn. 

The spinelets are subequal in length, or the median slightly the 
shorter. The actinal surface proximally is wide enough for only one 
longitudinal series of unequal granules, but as the plate widens more 
are added, until distally the plates have an even granular surface, 
like that of actinal plates. Proximally most of the plates have a 
large bivalved denticulate pedicellaria, the jaws much wider than 
high. This occupies a third or a fourth the length of a plate, the 
remainder of the first actinal series being filled out by compressed, 
rounded, granules, usually larger than the other actinal granules. 
The distalmost of these, on the last 6 to 12 plates, is enlarged and 
tubercular (although inconspicuous), and this, a goniasterid ten* 
dency, is carried out, although in a suppressed form. 

Mouth plates small, triangular, with a fairly straight furrow 
margin, bearing 9 or 10 spinelets, similar to those of the furrow 
scries, but heavier, and increasing rather rapidly in size toward the 
inner end of plate, where the spines are heavy, compressed, and leaf- 
like. Back of these is a row of flattened, shorter, truncate, or round* 
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tipped spines, the outer part of the plate being granulate, the gran- 
nks being hurger than those of the intermediate plates, spaced, and 
sabspinose. A curious variation is present in 2 specimens from sta- 
tions 5116 and 5412. One of the teeth at the inner angle is enor- 
mously broadened and forms an odd scoop-shovel-like tooth. In 
another mouth angle 2 are enlarged, 1 more than the other, so that 
ihey overlap greatly. 

Madreporic body small, near center of disk, surrounded by 5 
plates; ridges radiating and coarse. 

Anatomical notes. — ^The specimen dissected was smaller than the 
type, with R, 106 mm. Intestinal coeca, consisting of 5 long, slender, 
simple, radiating sacs, about one-third the minor radius in length; 
Hepatic coeca small, about two-fifths of B in length ; stomach small, 
divided by a constriction into distinct dorsal and ventral divisions; 
Polian vesicles large, 1 in each interradius; ampullae double. Inter- 
brachial septa membranous; along the ray are numerous accessory 
septa parallel to the interbrachial, and extending from margin nearly 
to ambnlacral plates. There are 8 of these between the second and 
twelfth supenomarginals; thence they become very $mall. Gonads in 
a single tuft on either side of the interbrachial septum, at about the 
middle of r. 

Type.— Cat No. 28667, U.S.N.M. 

Type-localUy. — Station 5273, off western Luzon, 27 miles southwest 
of Corregidor Light, 114 fathoms, mud, shells, and coral sand; 1 
specimen. 

DisirSnUian. — Southwestern Luzon to Bohol, 114 to 200 fathoms, 
on green mud, mud, shells, and coral sand, temperature range 50.2^ 
to 54.8^ F. 

Specimens eooamined. — ^In addition to the type, 4 specimens from 
the following stations: 

Station 5116, mouth of Balayan Bay, Luzon, 200 fathoms, bottom 
temperature 50.2^ F.; 1 specimen (large). 

Station 6412, between Cebu and Bohol, 162 fathoms, green mud, 
54.8^ F.; 8 specimens. 

Station 5417, between Cebu and Bohol, 165 fathoms, gray mud, 
sand, bottom temperature 54.4^ F. ; 1 specimen. 

Remarks, — ^This genus differs from Circeaster in lacking the ab- 
ruptly larger abactinal plates of rays, in having smooth marginals, 
and regular tabulate radial plates ; and from Lydiaster in the character 
of abactinal, marginal, and adambulacral plates. Lydiaster is more 
nearly related to Circeaster than to Pontioceramtts. Ceramaster is 
distinguished by the wholly granulate tabulate abactinal plates and 
Euganiaster^ which is perhaps the most nearly related form, has the 
abactinal plates arranged without regularity although ^Habulate,'' 
and the adambulacral plates are of uniform width throughout. 
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Geniu LTTHOSOMA Fisher. 

lAthoaoma Fishkb, lOllo, p. 422. Type, JD. actinometra Fisher. 

Related to Icanaster Sladen, but differs in having the regular longi- 
tudinal radial series of abactinal plates completely surrounded by 
granules, not on the lateral edges only, and in having the subam- 
bulacral granulation short and spaced from the furrow comb, not 
crowded and graduated into the furrow armature. All plates smooth 
and bordered by a single series of granules, the plates of papular 
areas sensibly elevated. Small spatulate excavate pedicellariae on 
both surfaces. Disk large, rays long, slender, and beyond base of 
ray composed only of marginal plates abactinally. 

KIT TO THl 8PICIIS OV LITHOflOMJk BIBBIN DBBGStBSD. 

a.^ R=8.7 r; marginal plates broad, more or less tumid; all saperomarglnalf 
broader than long; width of ray at proximal end of first paii* of supero- 
marglnals which meet medially equal to length of first 5 superomarglnala; 
furrow margin of adambulacral plates slightly convex, slightly angular, or 
concavo-convex, but net markedly angular ; adambulacral pedlcellarla y&j 
smaU, the jaws much less than half as high as furrow splnelets. 

actinometra^ p. 296. 

a.' R=4+r ; marginal plates narrow, not at all tumid ; distal superomarglnali 
longer than broad ; width of ray, measured as In a,^ equal to length of first 
3 to 8} superomarglnala ; furrow margin with an apc^hysls separating the 
tube feet ; adambulacral pedlceUarla with Jaws nearly or quite as lon^ 
as the furrow splnelets ^ ^ — ^fietUchra, p. SOL 

UTHOSOMA ACTINOMETRA Flaher. 

Plate 76, figs. 1, 8 ; plate 84, fig. 2 ; plate 85, fig. 2 ; plate 08, figs. 8, 9a. 
Lithoaoma actinometra Fishes, lOllo, p. 422. 

Diagnosis. — ^Rays 6. R=:166 mm., r=42 nun., R=8.7 r ; breadth of 
ray at base, 49 mm., at eighth superomarginal, 19 mm. General 
form precisely like Nymphasterf disk large, arcuately pentagonal, 
and produced at the corners into long slender rays which gradually 
taper to a bluntly pointed extremity and which are composed abac- 
tinally of the marginal plates only. All plates smooth, porcelain- 
like, bordered by a single complete series of granules fiush with the 
general surface ; only the adambulacral and mouth plates with gran- 
ules on surface. Abactinal plates regular, hexagonal, slightly ele- 
vated, close-set; superomarginal plates massive, wider than long, the 
seventh to ninth meeting medially, and encroaching conspicuously 
upon abactinal area; inferomarginals similar to superomarginaLs; 
actinal intermediate plates numerous, extending slightly beyond 
middle of R ; adambulacral plates slightly wider than long to slightly 
longer than wide, with a curved or slightly angular furrow margin 
bearing a comb of proximally 6 to 8, and farther along the ray 9 to 
11 short blunt splnelets. 
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Description. — ^Abactinal area stdlato-pentagonal. Abactinal plates 
hexagonal, in regular radial and parallel series, smooth except for 
scattered minute irregular elevations (not granules) and bordered 
by a single complete series of flat immersed granules, squarish or 
oblong in shape. The plates are very slightly elevated, are very 
regular in disposition, and are crowded, those of the center of disk 
being slightly the largest. If somewhat higher they would be called 
tabulate. No secondary, smaller, intermediate plates. The papulae, 
6 about a plate, are practically all over the abactinal area. Many of 
the plates have 1 or 2 tiny entrenched pedicellariae with 2 or 3 
slender jaws scarcely longer than the width of a marginal granule. 

Abactinal plates as seen from the inner or coelomic side with 6 
regular short lobes, the interval between being arcuate, and the plates 
nearly or quite touching by means of the lobes. The ventral surface 
of the plate is raised into a truncate eminence with sloping sides. 
Viewed from this side, the plates appear to be of a low conical form 
with the apex removed at different distances from the top. 

Marginal plates blocklike massive, the superomarginals, 40 in 
number, in contact along median line beyond the seventh to ninth, 
and encroaching conspicuously upon dorsal surface, being wider than 
high. The first plate is abactinally wider than the following 4, the 
next 3 plates gradually increasing in width and the following grad- 
ually decreasing toward the end of ray, as best shown in the figure. 
Surface of plate smooth, porcelainlike, and the abactinal surface of 
ray is nearly plane, or a trifle sunken along median line owing to a 
slight convexity of the plates. Marginal granules small, immersed 
in a membrane which nearly or quite obscures their outlines. A 
variable number, usually 1 to 5, tiny 2- or 3-jawed pedicellariae 
occur along the transverse margins and also along the lateral mar- 
^n on the side of ray. The base of each jaw is half or more than 
half as wide as the length and constricts to a narrow spatulate ex- 
tremity. The cotype is much more liberally provided with them 
than the type. Terminal plate much wider than long. 

Inferomarginals correspond to superomarginals proximally; dis- 
t3lly they alternate. The plates decrease regularly in size, although 
very gradually on ray, where the lateral face, as seen directly from 
the side is about as wide as the ventral facet viewed directly from 
below. The ventrolateral margin of ray is slightly swollen and 
evenly rounded. Marginal granules and pedicellariae as on supero- 
marginals. Ten inferomarginals at middle of ray correspond to 
16 adambulacrals. 

Actinal intermediate plates flat and very smooth, in about 6 irreg- 
ular chevrons, irregular in size and shape, those next to furrow largest 
and usually four-sided, the others less regular, four- or five-sided. 
The series next to the adambulacrals extends slightly beyond the 
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middle of R, or to the fifteenth (or sixteenth) inferomarginal, the 
plates having upward of 6 small pedicellariae each, with a few 
scattered over the rest of the area, and the marginal granules are 
similar to those of the marginal plates. 

Adambulacral plates with an angular furrow face deep in fur- 
row, the margin varying from a slightly convex contour to a slight 
compound curve, or a shallow angle near the adoral end or anywhere 
between the adoral end and middle. On the outer part of the ray 
the plates are evenly convex on the margin, the convexity of oppo- 
site plates meeting in the middle of ray and separating consecutive 
pairs of tube feet. Furrow comb consisting of proximally 6 to 8, 
farther along ray 9 to 11, short, blunt, granuliform, subequal spine- 
lets, the mesial more or less compressed with edge to furrow, the 
lateralmost somewhat thicker and prismatic or flattened with side 
to furrow. On the outer fourth of ray the furrow spinelets are 
again reduced to 6 to 8 and at the tip to 4 or' 6. Border of plate 
with a row of unequal subcorneal inmiersed granules, and surface 
with several, usually forming a longitudinal series spaced from 
furrow comb. One to 8 small pedicellariae usually present, often 
taking the place of several granules, being surrounded by a smooth 
area. They are slightly larger than actinal intermediate pedicel- 
lariae and have 2 or 8 similar jaws. Far along the ray the aboral 
granule or spinelet of the furrow series is considerably enlarged 
over the others. This gradually becomes the tubercular spine 
(though very small) characteristic of the distal plates of many 
genera of Goniasteridae. It functions as a sort of operculum to 
protect the tube feet. 

Mouth plates small, rather evenly triangular, the straight furrow 
margin with 7 to 9 furrow spines, the 2 inner enlarged, heavy, com- 
pressed, prismatic, sometimes unequal, either round-tipped or bluntly 
pointed. Suboral granules 20 to 25 immersed, close-set, the row ad- 
jacent to furrow slightly the heaviest 

Madreporic body hexagonal, surrounded by 6 plates, with coane 
irregular ridges radiating from center. In the cotype the striae are 
fine, very meandering, and interrupted, but in the type are fairly 
straight. 

Anatomical notes. — Oonads, a large cluster on either side of the 
membranous interradial septum, the aperture about 10 mm. from 
inner edge of marginal plates and 5 mm. from interradial septum. 
Polian vesicles, 1 in each interradius. 

Type.— Csit No. 28668, U.S.N.M. 

Type-locality. — Station 5272, western Luzon, 25.5 miles southwest 
Corregidor Light (lat. 14^ N.; long. 12^ 22' 80" E.), 118 fathoms, 
mud, shells, coral sand, bottom temperature 57.4^ F. 

Distribution. — Off western Luzon, 114 to 118 fathoms. 
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Specimens examined. — ^Two, the type and a specimen from sta- 
tion 5278, off western Luzon, 27 miles southwest Corregidor Light, 
114 fathoms, mud, shells, and coral sand. 

Remarks. — Dorigona pentaphylla Alcock from 271 fathoms, Anda- 
man Sea, is closely related to the present form. Although no figures 
have been published, I think there is little doubt that the two are 
congeneric, and possibly even conspecific. 

UTHOSOBiA PENICHRA Fhher. 

Plate 7e, fig. 2; plate 77, fig. 1; plate 84, fig. 6; plate 85, fig. 1; plate 83, 

figs, e, 6a-d. 

IMhasoma peniohra Fishxb, 1917&, p. 90. 

Diagnosis. — ^Differing from L. aetinometra in having slenderer, 
longer rays, narrower marginal plates, restricted petaloid papular 
areas, and more angular furrow margin to the adambulacral plates, 
the consecutive pairs of tube feet being separated, beyond base of 
furrow, as in NympJuxster; surface of plates and encircling granules 
as in £• aetinometra; width of ray at proximal end of first pair of 
saperomarginals (fifth), which meet medially equal to length of 
first 8 or 8| superomarginals measured on ambitus (5 in £. actino^ 
metra). B=86 mm., r=21 mm., B=s4+r; breadth of ray at inter- 
radius, 24 mm., at proximal end of fifth superomarginal, 9.6 mm. 

Description. — Abactinal plates similar to those of L. aetinometra 
except that the median radial plates are wider than long, and to a 
slighter extent the distal adradials also. The pedicellariae are rela- 
tively larger, the combined jaws when open being one-third to one- 
half the diameter of plate, and each jaw is as broad or broader at 
base than one of the marginal granules, while in aetinometra a 
granule is two or three times as broad as a pedicellaria. Even though 
the type of aetinometra is very much larger than that of penichra^ 
the abactinal pedicellariae are slightly smaller. The papular areas 
are petaloid and in extreme width comprise 9 longitudinal rows of 
dightly elevated plates, leaving a narrow triangular area of flat 
plates (of about 5 chevrons) free from papulae. Each radial plate 
bas from 15 to 25 four-sided marginal granules flush with the level 
of the plate. The granules on the comers of the plate are larger 
than the others. The edge of the plate is sometimes slightly uneven, 
sometimes very straight. 

From the coelomic side of the abactinal integument the plates 
ate arcuately hexagonal jnih truncate comers (or have short trun- 
cate lobes) between which are the circular papular pores. The 
plates fit tightly together by the lobes, and the surface is strongly 
convex— very similar to that of L. actinomstra. In the interradial 
ftreas and center of disk the hexagonal plates fit tightly together 
and are without lobes. 
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Superomarginals 31 or 32 in number, rather narrow, forming a 
bevel in the interbrachia, and sloping slightly on the basal part of 
ray, the border of the ray being gradually rounded and the lateral 
face of plate low and not sharply marked off from the dorsal. Ex- 
treme width of first plate equal to or slightly more than length 
(about twice length measured along inner margin of plate in L. acti- 
nometra) ; e2rt;reme width of fifth plate (meeting medially its fellow) 
equal to length of fifth and sixth, measured on ambitus (in Z. acH- 
nometra corresponding plate equal to nearly 3 plates). Superomarg- 
inals of Z. actinometra all wider than long, but in L. penichra a 
variable number on outer part of ray slightly longer than wide, and 
all along ray the plates are narrower than in aetinometrcu Pedicel- 
lariae few. The distal third or half of the ray lacks granules on 
the transverse margins of plate; and also to a variable extent the 
granules are absent along the median suture and outer margin. (In 
L. actinometra the last few plates only may lack marginal granules 
on all but the outer margin.) Terminal plate slightly wider than 
long, or as wide as long, tubercular, with an obtuse extremity. 

Inferomarginals narrow, except interbrachially, and extending 
laterally a trifle beyond superomarginals. They are as wide as long, 
or a little wider than long, up to the fifth or sixth. The specimen 
from station 6510 has shorter plates, so that the length does not 
equal width until the middle of ray, or beyond. At middle of ray 
17 or 18 adambulacrals correspond to 10 inferomarginals. Pedicel- 
lariae scattered along both ventral and lateral surfaces of plates, 
very variable in number, and usually few. 

Actinal intermediate areas as in Z. aethumietraj but the pedicel- 
lariae fewer and relatively larger. There are about 6 chevrons of 
plates, but with the exception of those adjacent to adambulacrals thqr 
are rather irregularly arranged. 

Adambulachral plates longer than wide, with angular furrow mar- 
gin (except first 3 to 5 plates), the aboral facet of the apophysis con- 
cave and slightly longer than the adoral, which is slightly convex. 
Furrow spinelets 6 to 7 on the first few plates, increasing to 9 or 10 
farther along ray, the mesial spinelets compressed, prismatic, blunt, 
the laterals broader. The 2 aboral members are the broadest, and 
have a blunt lanceolate contour, and serve, with the adjacent enlarged 
udoral spinelet of the succeeding plate, as an opercular covering for 
the tube feet. In the type there is a distinct interval without spine- 
lets on the aboral facet of the apophysis, the 1 or 2 distalmost spine- 
lets of the series being separated from the rest. Near the center of 
plate is a pedicellaria, with 2 or 3 broadly spatulate jaws, becoming 
narrow on outer part of ray. Outer margin of plate, with 5 or 6 
convex granules larger than those of intermediate areas; and 2 or 3 
form a series with the pedicellaria. Whenever the pedicellaria is 
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lacking there are 2 series of granules, or sometimes 2.5. In Z. actino- 
fnetra the pedicellariae are much smaller, and usually 2 or 3 to a plate, 
the jaws being much less than half the length of the furrow spinelets, 
but in L. penichra, despite its smaller size, the pedicellariae are 
actually larger, with jaws nearly or quite as long as the furrow 
spinelets. 

Mouth plates with 7 or 8 four-sided, beveled, chisel-shaped furrow 
spines, becoming heavier and prismatic at inner end of series, and 
about 8 granules following the other 2 sides. 

Madreporic body pentagonal, surrounded by 5 plates and situated 
one-third distance from center to marginal plates. 

Gonads situated as in L. actinometra. 

Type.— Ctit. No. 87004, U.S.N.M. 

Type-locality. — Station 5528, between Siquijor and Bohol Islands, 
489 fathoms, globigerina ooze, bottom temperature 53.3^ F. 

Dietributian. — ^Mindoro to Mindanao, 283 to 439 fathoms, globi- 
gerina ooze and mud, temperature range 53° to 53.3° F. 

Speeimens examined. — ^In addition to the type, 13 from the follow- 
ing stations: 

Station 5123, east coast of Mindoro, 283 fathoms, green mud; 1 
specimen. 

Station 5388, between Burias and Luzon, 226 fathoms, soft green 
mud, bottom temperature 51.4° F.; 11 specimens (1 with 4 rays). 

Station 5510, Iligan Bay, north coast of Mindanao, 423 fathoms, 
gray mud, fine sand, bottom temperature 53° F. ; 1 specimen. 

Remarks. — ^It is not possible, with the limited amount of material, 
to decide whether this form is a distinct species or a deep-water race 
of L. actinomeira. The differences between the specimens have been 
indicated in the diagnosis and description. 

This species greatly resembles a slender-armed Nymphastery with- 
out granules on the surface of the plates. The " mimicry " goes even 
tjo the characteristic angular margin of the adambulacral plates, with 
the angular furrow series separating consecutive pairs of tube feet, 
and to the form of the abactinal, marginal, and actinal intermediate 
plates. 

Genus ICONASTER Sladen. 

Io(master Slaosn, 1889, p. 261. Type, Astroganium longimanum MSblns. 

ICONASTER LONGIMANUS (Mtfblns). 

Plate 77, fig. 2 ; plate 83, fig. 5 ; plate 93, fig. 2, 2a ; plate 104, fig. 8. 

ABirogonium longimanum MObitts, 1859, p. 7, pi. 1, figs. 5, 6. 
Iconaster longimanua Sladen, 1889, p. 261. 

Notes on Philippine specimen. — R=40 mm,, r=12 mm., R=3.3r. 
The specimen is immature, since the gonads have not yet appeared. 
The abactinal plates are dark brown, bordered by lighter granules, 
the marginal granules on the radial areas being ivory white. The 
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median radial plates and 2 parallel series on either side lack gran- 
ules on the transverse margins, those on the lateral margins being 
correspondingly enlarged and acting as an opercular cover to pro- 
tect the underlying papulae. The other plates, of which the pri- 
mary basals are largest, are bordered by a complete series of small 
oblong granules flush with the surface, those at the comers more or 
less enlarged and opercular. The surface of the plates is rough- 
ened by numerous uniform, spaced, low, minute, blisterlike bosses, 
the same occurring on the central portion of the marginal plates. 
Madreporic body surrounded by 3 plates. From the coelomic side 
the plates are flat and have 6 truncate lobes which meet but do not 
overlap those of neighboring plates, the lateral lobes being best 
marked, that on the distal and proximal margins being shorter, 
often incipient Papulae 6 about a plate. Superomarginals 14, the 
third meeting its fellow medially (sixth in Doderlein's Thursday 
Island specimen; see 1896, pi. 18, fig. 33). These first 8 plates are 
of nearly uniform width; they do not increase in size as in LUh^h 
soma and Astroceramw (usually). Each interradial pair of plates 
is dark brown, while others irregularly along the ray are similarly 
colored. Actinal intermediate plates ^surrounded by flat granules 
and arranged in 3 chevrons with 1 or 2 extra plates next to marpn 
interradiaily. 

The adambulacral armature consists of granules graded in 
size from outer margin to the 4 short, blunt, subpiismatic, almost 
granuliform furrow spines. The latter are in curved series, the 
distal end overlapping the proximal end of the succeeding series. 
Back of these are 2 crowded series of 3 or 4 granules each; then 
(on the proximal plates) a small oval bare spot, followed, on the 
outer part of plate, by 5 or 6 small granules like those of the inter- 
mediate plates. The subambulacral spines do not become enlarged 
and tubercular on the outer part of the ray as in Astroceramw and 
Lithosom/i. The granules of the mouth plates also have the closely 
banked arrangement, 7 or 8 standing on margin, and the inner only 
a trifle enlarged. There is no sign of any pedicellariae on the 
specimen. 

Distribution. — ^East Indies and northern Australia : Malacca, Bil- 
liton, Jolo, Am Islands, Thursday Island (off Cape York, Aus- 
tralia), Percy Island (Queensland). 

Specimen examined. — Station 5174, 2.6 miles west of Jolo Light, 
Jolo, Sulu Archipelago, 20 fathoms, coarse sand; surface tempera- 
ture, 82° F. 

Remarks. — ^In a recent paper on Australian echinoderms, Dr. H. L. 
Clark, 1916, p. 36) contends that this species should be called Dori- 
gona longimana for the following reasons: Dorigona as diagnosed 
by Gray in 1866 included two species— Z?. reevesii and D. langimaiM 
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{^Asiroffonium lonffimanum Mobius). The first species is held, 
without dissent, to be synonymous with Oaniodiscus capeUa Muller 
and Troschel, 1842, which in 1866 had been made the type of 
Ogmaster by von Martens. In 1889 Sladen made the second 
species — ^namely, D. langzmana — ^the type of Iconaster. Doctor 
Clark states that Gray designated no type, and that since D. reevesii 
is invalidated by having been made under another name, the type 
of Ogmaster^ ^Dorigona longimana (Mobius) must be the type of 
DcyrigoncuP If this were correct, leanaater would naturally be a 
same of later application. 

The original description of Gray (1866, p. 7) is as follows: 

y. DoBiQONA. Body depressed, 5 rayed, smooth; the dorsal and oral disk 
covered with many smooth, flat, polygonal squares; the marginal osslcules 
without any mobUe spine. 

1. Dorigona reevesii (T. 7, f. 8). Inhab. China or Japan; common in boxes 
of insectB brought from China and Japan. 

See a. Dorigona longlmana=Astrogonium longimanum, M6hiu%, AhhafM, 

lY (laao) 7, 1 1. 1 6. 6. 

The only species in the British Museum was evidently Z>. reevesii^ 
which is also the one formally listed, and hence automatically the 
type. The reference to D. longimana seems to be casual, an " aside,'' 
such as Gray frequently indulged in, as, for example, on the same 
page under Stellaster. Here we find " 1. Stellaater Ckildreni^^^ fol- 
lowed by "See a. Aateriaa eguestris Betz. * * * 6. Stellaster 
graeiUs Mobius." We know that the first species is the type, because 
the genus was described monotypically in 1840. Gray naturally 
chose a species with which he was personally acquainted. 

The following observations are pertinent in judging the merits of 
this case: 

1. A species doubtfully referred to a genus can not subsequently 
be made its type, especially in place of a figured or described species 
upon which the generic name appears to be based (Z7. reevesii). 

2. The first reviser of a genus can not revise the genus before it is 
described. In other words, what von Martens in 1865 did with 
Goniodiscus capeUa does not have a revisional effect on Dorigona 
reevesii (the same species) in 1866. Whoever comes after Gray must 
choose the type of Dorigona upon the data submitted by Gray, not 
upon what von Martens thought or did before Gray's genus was 
published. This answers Dr. Clark's statement that D. reevesii is 
mvalidated for the type-species of Dorigona by having already been 
made the type of Ogmaster. 

3. Since Sladen eliminated D. longimana by making it the type of 
Iconaster, he became the first reviser, and automatically fixed the 
type of Dorigona as D. reevesii. No one is at liberty to change this 
type. The type of Dorigona is D. reevesU^ first, because it is the 
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only species listed formally " without doubt," and, second, because the 
first reviser so fixed it by the simple process of removing the second 
species from the genus. 

Dorigona is, therefore, a straight synonym of Ognuuter^ and Icof^ 
aster is a tenable name for Aatrogomum lanffimanum. 

Dr. David Starr Jordan concurs in this view. 

Subgenus Glyphodiscus Fisher. 

QlyphodUcua Fibheb, 19176, p. 178. Type, loanaster perierctu$ Fisher. 
Diaffnosis. — ^Diflfering from Iconaster s. s. in having conspicu- 
ously elevated and rough superomarginal plates; a complete series 
of peripheral granules on the abactinal plates, which, moreover, are 
perfectly smooth, lacking the tiny blisterlike bosses of Iconaster; a 
less compact adambulacral armature. 

ICONASTER PBRIEBCTU8 FUmt. 

Plate 79, fig. 4; plate 81, fig. 8; plate 83, figs. 2, 8; plate 08, fig. 1, la. 
Iconaster perierctus Fibheb, 1918a, p. 642. 

Diagnosis. — ^Differing from /. longimanus in having more elevated 
and rough superomarginals; all the abactinal plates perfectly smooth 
and with a complete series of peripheral granules; a less compact 
adambulacral armature with fewer spines and granules. R=23 mm., 
r=10 mm., R=2.8 r; breadth of ray at inner end of third supero- 
marginals, 6 mm., or the length of the first 8 superomarginals meas- 
ured on ambitus. Superomarginals tabulate, separated by conspicn- 
ous grooves, the surface having irregular elevations but no granules 
nor blisterlike minute bosses; beyond the second plate they are 
imited on the median line of ray ; abactinal area sunken, the plates 
perfectly smooth with a single peripheral series of granules largest 
on the radial papular areas; peripheral plates tumid, the others 
slightly swollen, with a plane surface, but not tabulate; plates of 
center of disk very conspicuously the largest; inferomarginal plates 
tumid, the first 3 or 4 perfectly smooth, the remainder with slight 
roughening; actinal intermediate plates in 3 chevrons, smooth, with 
a single peripheral series of oblong granules; adambulacral plates 
small, wider than long with 3 or 4 small, stubby, furrow spinelets and 
following these, 2 shorter, compressed, flat-sided granules, the outer 
part of the plate being occupied by 4 or 5 small prismatic granules. 

Description. — ^Abactinal area pentagonal, slightly produced at the 
comers and sunken below the level of the marginal plates. The 
plates are perfectly smooth, without the tiny blisterlike elevaticms 
of /. longimanusy AstroceramuSy and Lithosoma. Five large hex- 
agonal plates synimetrically arranged in a quincunx in the inter- 
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radial regions, as well as all the plates immediately adjacent to the 
superomarginals (including 4 or 5 distal median radial plates) are 
distinctly tmnid either in the middle or over the whole surface. 
Three of the above-mentioned interradial plates nearest center of 
disk have the convexity in the form of a low mamelon in the middle 
of the plate. A circle of 10 plates, including the 5 primary basals 
(the largest plates), encloses a stellate area comprising a central 
and 5 "" inf rabasal " plates with a small extra plate between 2 infra- 
basals. Outside the circle of basals and ^ infraradials '' is a very 
regular circle comprising 15 plates — 5 pairs of large subhexagonal 
plates abutting against the still larger basals and each with a low 
central convexity. Between each pair is the broadly oval primary 
radial plate, from which proceeds a very regular series of 8 or 9 
radial plates, that adjacent to the primary radial being abruptly 
smaller, the rest increasing in size distaUy. These and a parallel 
similar adradial series are margined by subtruncate finger-nail- 
shaped granules which are set slightly below the general level of 
the plates, and which arch over conspicuous intervals between the 
plates, and hide the papulae beneath. The other plates are bor- 
dered by smaller, very narrow, elongate granules, with a straight 
outer edge and set a trifle below the level of the surface, for all the 
plates are very slightly swollen, although the general surface may 
be plane. The plates of the radial areas, including the midradial 
and 2 series on each side, are the smallest and have the largest 
peripheral granules. The papulae are distributed all over the disk, 
except 1 chevron of large interradial plates. 

The plates of the radial areas are 6-lobed, the 2 lateral lobes of 
each side being the most prominent, bent slightly downward and 
overlapping a trifle the lobes of adjacent plates. The distal and 
proximal lobe is really only incipient, trimcate, and tightly joined, 
end to end, with the next plates. Coelomic surface plane or slightly 
concave, not convex, as in Lithosomou 

Superomarginals 7 or 8 to the ray, very massive, conspicuously 
elevated or tabulate, with an uneven surface much as in Astra- 
oeramus sphaeriosticttiSy the interval between the plates being a 
rather deep sulcus. A similar sulcus follows the midradial line, 
as the third superomarginal meets its fellow medially, and the re- 
mainder of ray is composed of superomarginals only. Seen from 
above, the first 2 plates are slightly wider than long and nearly of 
a size, but from this point they gradually, but rather rapidly, de- 
crease in size, the outer plates being a trifle longer than wide or 
the 2 dimensions equal. .Despite the unevenness of the plate, sug- 
gesting strongly the condition of Astroceramus sphaeriosticttiSj 
there are no granules such as are present in that species, but there 
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is a single marginal series of small elongate 4-sided granules over- 
hanging and closing a very narrow groove or channel. A very few 
plates have a tiny 2-jawed narrow spatulate pedicellaria near the 
inner margin. Terminal plate wider than long, rather large, tuber- 
cular, and cordiform, the surface roughened by minute elevations, 
but without granules. 

Inferomarginals corresponding to superomarginals and much less 
tumid, the surface being smooth and without irregular roughening 
or elevations (except on the last 8 or 4 plates). The plates form a 
rounded margin to the ray, the actinal surface being wider than the 
lateral, and as seen from below the first plate is a trifle wider than 
long, while the remainder are a trifle longer than wide. Marginal 
granules similar to those of superomarginals. 

Actinal intermediate plates squarish, smooth, very slightly tumid, 
arranged in 8 chevrons with an extra plate adjacent to marginal inr 
terradially. The interradial plate at the apex of the 2 outer 
chevrons is the lai^est of its series, but the innermost chevron has 
small paired plates behind the mouth platea What appears to be 
the odd interradial of that chevron is really the second enlarged plate 
in the left arm of the chevron, the corresponding right plate being 
small and wedged out of place. The former usually bears a slender 
spatulate pedicellaria. The plates are all margined by oblong gran- 
ules in a single series. 

Adambulacral plates small, wider than long, with proximally a 
slightly convex furrow margin which becomes distally more convex. 
Furrow spines small, 8 or 4, about as large as the plate, thick, sub- 
truncate, and crowded. Near the end of the ray these are reduced 
first to 2 (of which the aboral is the larger) and finally to 1. Back 
of these are 2 shorter compressed, rounded or subtruncate granules, 
as wide or wider than high, with flat side to furrow and occupying 
the whole length of the plate. These are followed by 4 or 5 smaller 
prismatic granules, in 2 series, or simply bordering the small plates 
so that they appear in 2 series. The small distal plates which have 
only 1 furrow spinelet, have usually 1 subequal, subambulacral spine- 
let with 1 to 8 additional granules. Although the subambulacral is 
slightly enlarged over the furrow spines at the end of the ray, it is 
not markedly so, and would not naturally be considered as an en- 
larged spine. Instead of the adoral granule of the first series, a few 
plates bear a pedicellaria with 2 spatulate smooth jaws which open 
across the plate, the outer jaw reaching the marginal granules. 

Mouth plates small, flat, triangular, with a straight furrow margin 
having 6 spinelets, the inner 2 compressed and enlarged. Suboral 
granules, a series of 4 parallel with the furrow series and similar to 
the subambulacral ; back of these, a series bordering the median and 
outer suture, similar to the outer granules of the adambulacrals. 
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Madreporic body small, situated one-third of r from center, and 
snrrounded by 8 large plates. 

Gonads in a single cluster on either side of the membranous inter- 
brachial septum. 

Type.— Cat. No, 30554, U.S.N.M, 

Type-looality, — Station 5166, 4.6 miles southeast of Observation 
Isla^d, Tawi Tawi Group, Sulu Archipelago, 97 fathoms, coral 
sand, bottom temperature 69.4^ F, ; 1 specimen. 

Distributiaiu — Known only from the type-locality. 

Remarks. — ^The generic position of this species is very puzzling. 
The dorsal skeleton and the very tumid roughened superomarginals 
would ally it to Astroceranvus. But the actinal intermediate plates 
are like those of Iconaster and Lithosoma^ being without central 
granules. The adambulacral armature is similar to that of Iconr 
aster, while suggesting Astrocercmms in the slightly more differ- 
entiated inner subambulacral series and in the presence of a con- 
spicuous transversely oriented pedicellaria. To put these facts in a 
different way, /. periercPus differs from Iconaster in having the 
dorsal radial plates entirely surrounded by granules, and in having 
the tumid superomarginals roughened by uneven elevations (which, 
ufdike those of Astroceranms, do not bear scattered granules). It 
differs from Astroceranvus in lacking any trace of marginal and 
enlarged central actinal intermediate granules, in having the adam- 
bulacral armature graded from the short furrow spines to the outer 
granules, and in the absence of a conspicuously enlarged subambu- 
lacral spine on the outer part of the ray. 

The types of Iconaster and Astroceraarwas are so distinct that I see 
no utility in merging the 2 genera. For the present, at least, I think 
it is better to regard the arrangement of the peripheral granules of 
the radial plates as of less than generic importance, and to rest the 
distinction between the 2 groups upon the difference in the adam- 
bulacral and actinal intermediate armature, as well as upon the 
absence, in Icoiuister, of granules on the marginal plates. 

Despite the small size of /. perierctus, the gonads are well de- 
veloped. 

In the transactions of the Linnaean Society of London for 
1909-1910 (vol. 18, Zoology, p. 22), Bell diagnoses Iconaster gardi- 
neri from Saya de Malha Bank, western Indian Ocean, 125 f athoma 
I have examined the type at the British Museum. It is a typical 
Nym^haster related, perhaps, to N. dyscritus Fisher. 

Genns ASTROCERAMUS Fisher. 

Astrocera/fn/us Fishkb, 1906, p. 1056. Type, J.. caUimorphus Fisher. 

Diagnosis. — ^Belated to Iconaster Sladen, but differs in having the 
marginal plates beset with rather coarse, deciduous granules; in hav- 

13434— BuU. 100—19 21 
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ing central tubercular granules on the actinal intermediate plates, 
and in having the furrow spines stout, often compressed, few in 
number, with 1 to 3 more or less swollen, enlarged, subambulacnl 
spine& Fedicellariae spatulate, entrenched, usually with denticulate 
jaws. In addition typical species have the proximal superomargiiutl 
plates, increasing in size up to the third, thence decreasing, the third 
or fourth meeting its fellow medially, thid ray being composed, dor- 
sally, of the superomarginals only. 

STKOPSIS or THB SPBCIBS OF ASTSOCSBAMU8 HIBSXR DBSCEIBBE>. 

a\ AtMictinal plates perfectly smooth, without pedloellariae or central grannleB; 
granules of superomarglnal plates on edge of ray only ; subambulacral pjdi* 
cellariae few; furrow spines proximally strongly compressed. 

lionotus, p. 810. 

a'. One or two, rarely upward of 5, acom-shaped, tubercular grannies on the 
middle of the abactinal plates; numerous abactinal broadly spatulate 
pedioeUariae; superomarglnal granules scattered over surface of plate; 
subambulacral pedicellarlae more numerous; farrow spines proximally 
slender, but markedly compressed aphaeriostictuM, p. 81S. 

ASTROCERAMUS UONOTUS IWwr. 

Plate 81, fig. 1 ; plate 82, fig. 1 ; plate 84, fig. 8 ; plate 94, figs. 2, 2o. 

AstrocerafMU Uonotu8 Fishes, 1918a, p. 643. 

Diagnosis. — Similar in appearance to A. oalUmorphus but differ- 
ing in having less tumid marginal plates, especially on the ray, 
slightly smaller abactinal plates, and very strongly compressed", 
bladelike, subtruncate furrow spines; subambulacral pedicellariae 
slenderer and longer than the actinal intermediate pedicellariae, not 
similar to them. R=79 mm., r=22 nmL, R=:3.6 r; breadth of ray 
at inner end of first pair of superomarginals which meet medially 
equal to length of first 8f or 4 superomarginals measured on ambitus; 
thickness of disk interradially equal to length of 1^ adjacent supero- 
marginals. Abactinal plates flat, smooth, except for minute hyaline 
bosses, and bordered by small granules flush with the general sur- 
face; superomarginal plates massive, increasing in size up to the 
third or fourth, which meet medially; margin of ray forming an 
abrupt right angle, with uneven elevations bearing scattered de- 
ciduous granules, these encroaching upon surface of plates inter- 
radially; a few marginal sugar-tongs pedicellariae; inferomarginals 
slightly and unevenly tumid, with upward of 30 deciduous granules; 
marginals bordered by a monilif orm series of small granules ; actinal 
interradial areas very similar to those of A, edlUmorphus; furrow 
spines 4 or 5, compressed, and widened at tip ; subambulacral spines 
2 or 3, heavy, with proximally, between them a slender spatulate two- 
jawed pedicellaria; on outer part of ray subambulacral spine single 
and much longer than furrow spines. 
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Description. — ^Abactinal plates perfectly flat, very close-set, hex- 
agonal to roundish-hexagonal, similar to those of A. callimorphus 
but smaller and slightly more numeroua Marginal granules small, 
with rounded or truncate distal margin, as wide as long, or longer 
than wide, and 30 to 85 around the larger plates. Surface of plates 
with numerous, spaced hyaline bosses or convexities considerably 
smaSler than the marginal granules. Papulae all over abactinal sur* 
face, except a very small interradial triangle. 

Abactinal plates from the coelomic side, flat (not convex as in 
LUhosoma) those of the papular area having 6 lobes, which touch 
du|se of neighboring plates, the lateral lobes being narrower than the 
proximal and distal, these being sometimes suppressed, or represented 
by only a convexity on the edge. 

Marginal plates massive, both series with a right angle marking 
the margin of ray, the lateral face of ray being vertical. Supero* 
marginals ISi or 20, increasing in size up to the third or fourth,, 
which meet medially; thence the plates decrease in breadth rather 
more rapidly than in length. First plate dorsally about as wide 
as long, but the next 2 are increasingly wider than long. There is 
8Qme variation in the length of the plates; usually the sixth ia 
longer than wide, the length decreasing over the width gradually 
on the succeeding plates. Interradially and near the end of ray the: 
lateral face is nearly as high as width of dorsal face; elsewhere a 
Ijttle less to a little more than half the width. Plates are smooth,, 
except for 8 to 12 depressed, subglobose, deciduous granules scat- 
tered on the margin of ray on slight, uneven elevations of the plate. 
In the interbrachia these scattered granules encroach upon the dorsal 
surface, and on outer third of ray are lacking. A few of the proxi- 
mal plates have an entrenched sugar-tongs pedicellaria with denticu-* 
late spatulate jaw& Margin of plates with a regular monilifona 
series of small pearl-shaped granules, much smaller than those on 
the surface of plate; these are lacking on the last half dozen plate& 
Tenninal plate large, tubercular, subtruncate, longer than wide, with 
2 granulif orm tubercles at the tip. 

Inferomargiaals narrower than superomarginals, and decreasing 
regularly in size from the first. Proximally they correspond to th& 
soperomarginals; at middle of ray they nearly alternate, and at the* 
tip corresp(Hid again. The surface of plates (except last 7 or 8) 
is irregularly tumid and uneven, with proximally 25 or 30 scattered' 
deciduous granules, decreasing in number distad, and becoming 
more and more confined to the lateral margin of the ray. The plates< 
are surrounded by a monilif orm series of granules similar to those 
of the superomarginals, and on the ventral surface of the first 2r. 
plates there is an entrenched sugar-tongs pedicellaria. 
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Actinal intermediate plates 4- or 5-sided, in 5 chevrons, the 
plates reaching to fourth inferomarginal, and isolated plates reach- 
ing to sixth. The plates are separated by shallow grooves and bor- 
dered by a single series of small subcorneal or acorn-shaped granules, 
considerably larger than those bordering the inferomarginals, the 
surface of plate carrying 1 to 5 larger, unequal, acorn-shaped or sub- 
globose scattered granules. A few of the plates adjacent to furrow 
have a spatulate sugar-tongs pedicellaria, which is guarded by 1 or 2 
granules, and the broadly spatulate denticulate jaws are dark brown 
at the tip. 4 

Adambulacral plates considerably wider than long proximaS!^, 
gradually narrowing until they are as wide as long, or sometimes 
on outer part of the ray longer than wide. Furrow spines 4 or 6, 
very strongly compressed and broad at the tip, which is roundly 
truncate, the edge being toward furrow. Spaced from these is a 
longitudinal series of 2 heavy, though proximally slightly shorter, 
clavate, blunt spines with sometimes a third smaller granuliform 
member at the proximal end of series. These spines are sometimes 
irregularly grooved, on the proximal plates. On the outer part of the 
ray the furrow spines become shorter, and the subambulacral spines 
are reduced to a single, heavy, tubercular, blunt, slightly tapering 
spine, longer than the furrow spines. The outer two-thirds of the 
plate is bordered by granules similar to those of the actinal inter- 
mediate plates, with 2 or 3 slightly larger acorn-shaped granulej^ 
on the surface. A few of tlie proximal plates have, between the 2 
subambulacral spines, a pedicellaria with 2 rather narrowly spatulate 
jaws nearly or quite as long as the spines and opening on the trans- 
verse axis of the plate. The inside of the jaw is concave. 

Mouth plates slightly convex actinally with 9 or 10 strongly com- 
pressed furrow spines, the innermost very thin and broad at the 
tip, and sometimes concave on one side so as to appear scoop-shaped. 
Corresponding to the subambulacrals are 3 suborals, the outer part 
of the plate being margined by 8 or 9 granules. 

Madreporic body shield-shaped, surrounded by 5 plates of which 
3 are larger than itself. It is situated about one-fourth r from center. 
Striations iSne, ridges coarse, interrupted. 

Color in alcohol, bleached yellowish. 

Gonads in a single tuft on either side of the interbrachial septum. 

Type.— Cat. No. 30555, U.S.N.M. 

Type-locality. — Station 5523, 6.7 miles northeast of Point Tagolo, 
northern Mindanao; depth and bottom not recorded; 1 specimen. 

Distribution. — ^Known only fi'om the type-locality. 

Remarks. — ^This form is closely related to A. caUimorphus Fisher, 
from 127 fathoms, between Maui and Molokai, Hawaiian Islands. 
The most obvious difference is in the adambulacral armature, the 
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farrow spines of Uonotus being much compressed, broadened at tip, 
and with the edge to the furrow. The form and position of the 
subambulacral pedicellaria is also characteristic. The jaws are nar- 
rower than those of the actinal intermediate pedicellariae, being com- 
pressed, while in caUimorphtis the occasional subambulacral pedicel- 
laria is like those of the actinal intermediate plates. In callimorph/us 
the^madreporic body is surrounded by 3 large plates, and in lionotus 
by t large and 2 small ones. 

ASTROCERAMVS SFHAERIOSTICTUS Fisher. 

Plate 81, fig. 2 ; plate 82, fig. 2 ; plate 84, figs. 4, 7 ; plate 94, figs. 1, la. 
Astracerumus spfiaeriostictus Fishes, 1918a, p. 644. 

Diagnosis. — Similar in general appearance to A, lionotus^ but 
differing in having 1 or 2, rarely upward of 5, acorn-shaped, tubercu- 
lar granules on the middle of the abactinal plates; numerous abacti- 
nal, broadly spatulate, or narrowly fan-shaped sugar-tongs pedicel- 
lariae; more numerous marginal granules, scattered over the entire 
surface of marginal plates; larger and more numerous actinal inter- 
mediate pedicellariae and coarser tubercular granules; more numer- 
ous subambulacral pedicellariae; proximally slenderer furrow spines; 
commonly only 1 larger subambulacral spine, or if 2, these frequently 
in a transverse series ; slenderer oral spines. B=73 mm., r=22.5 mm., 
R=3.2-fr; breadth of ray at proximal end of third pair of supero- 
marginals (which meet medially) equal to length of first 4^ supero- 
marginals measured on ambitus. 

Description. — ^Abactinal plates of papular areas subcircular, or be- 
tween circular and hexagonal, becoming hexagonal on the interradial 
nonpapular areas, bordered by a single moniliform series of veiy 
small, thin granules which have a rounded outer edge on the papular 
areas and are more nearly straight-edged interradially. The center 
of the plate bears 1 or 2, or on center of disk upward of 5, broadly 
acom-shaped, tubercular granules equal in diameter to about 2 mar- 
. ginal granules, but very much more conspicuous, appearing from 
above like whitish globular beads, though in reality subcorneal. 
Many of the plates bear a conspicuous 2-jawed, broadly spatulate, 
entrenched pedicellaria, often close to a granule or between two. 
The jaws are often crenulate on the margin and about as high as 
the granule. The surface of the plate is roughened by very regular 
uniform blisterlike convexities which have a subhyaline appearance. 
Papular areas include the center of disk and petaloid radial areas 
comprising about 7 rows of plates. The papulae are crowded, there 
being as many as 8 around some of the plates. It should be noted 
that the abactinal plates are arranged in regular series parallel to 
the median radial. 
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Superomarginals, 18 in number, are massive and in form are much 
as in il. lionotuSj but more tumid interradially. They increase in 
size up to the third, which is very broad and meets its fellow inter- 
radially, thence they decrease rather rapidly in width, the first plate 
and the fifth being about as long as width of dorsal surface, the sixth 
and succeeding plates being a little longer than wide, llie plates are 
bordered by a moniliform series of tiny elongate granules, and.the 
surface is tumid, and marked by uneven elevations bearing deciduous 
spherical granules singly, in groups, or in irregular lines, these being 
all over the surface but most numerous on the rounded margin of ray. 
The interbrachial plates are most tumid and have the most numerous 
granules (upward of a hundred). Far along ray the plates are iK)t 
very tumid, but have slight uneven eminences and granules scattered 
all over the surface. On the ray of A. Uonotus the granules are only 
on the edge, not scattered all over the plate. The longitudinal 
suture along the side of ray, as well as the transverse sutures, are at 
the bottom of a shallow sulcus, due to the tumidity of the plate. No 
superomarginal pedicellariae. Terminal plate large, as broad aa 
long, with several tubercular granules on the blunt, rounded tip. 

Inferomarginals smaller than superomarginals and decrea^dng 
regularly in size, being longer than wide beyond the fourth. TWy 
form a tumid ventrolateral ridge all along the ray and each plate is 
independently tumid, and provided with irregular eminences crowded 
with lines of spherical granules, as in the case of the supero- 
marginals. The first 5 or 6 plates, with an occasional omission, havO 
on the ventral surface or rounded margin a pedicellaria, with fan- 
shaped jaws, guarded on either side by a prominent granule. The 
plates are margined by small elongate immersed granules, which 
overhang a narrow sutural groove. Interradially the plates as seen 
from the side are nearly as thick as the superomarginals, but they 
rapidly become smaller beyond the middle of ray. Ten infero- 
marginals nearest middle of ray corresponding to 30 adambulacrals. 

Actinal interradial areas similar in appearance to those of A. cattir 
morphua and A. Uonotus^ but pedicellariae more numerous and larger 
than in the latter and about the same size as in caJUm/yrpkus. Plates 
with 4 unequal sides, in 5 chevrons, with an unpaired plate at the 
apex of each and an extra plate or two interradially adjacent to 
margin. They extend to the fifth or sixth inf eromarginal with 1 or 
2 isolated plates reaching the eighth. They are bordered by small, 
unequal, sUghtly compressed, subcorneal or subfoliaceous granules 
similar to those of A. UonoPus^ but a little smaller. Three to 5 or 
even 6 prominent tubercular acorn-shaped granules stand on the 
surface of the plate in a group, a line, or scattered. These are a 
trifle larger than the abactinal granules, much larger than the mar- 
ginal granules, and slightly larger than the corresponding granules 
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of A. lumotus. Most of the plates adjacent to adambulacrals and 
upward of a dozen others in each area bear a large sugar-tongs pedi- 
oellaria, gaarded by a special granule on either side. The 2 jaws are 
spatulate or narrow fan-shaped, with a denticulate rouncj^d distal 
margin, or the expanded distal part may narrow abruptly to widen 
slightly at the base. The depressions into which ^he jaws fit when 
op^ are very shallow and inconspicuous. 

Adambulacral plates wider than long and in the middle region of 
ray shorter than in Uonotw (about 3 of llonotua equaling 3^ or 3f 
of sphaeriostictus. At the same time the inferomarginals of the 
la^r are a little the shorter, so that in 10 inferomarginals there are 
about 30 adambulacrals in both species. Furrow margin slightly 
convex; furrow spines 4 or 5, slenderer proximally than in liorvotug. 
On the first few plates they are slender, tapering and not at all or 
only a trifle compressed and slightly swollen at tip. Throughout 
most of the ray they are slightly to markedly compressed to a uni- 
form thinness, but either taper toward the point or flare slightly in 
the other dimension. The tip may be bluntly pointed or broad-trun- 
cate or rounded. Subambulacral spines 1 or 2, occassionally 3, heavy 
and davate as in lionotus^ but proximally larger and (as in lionotus) 
frequently marked by shallow longitudinal sulcuses at the broadened 
end, which sometimes appears to be notched. Instead of forming a 
longitudinal series the spines usually, when there is more than one, 
stand in an oblique transverse series, the outer spine the shorter. 
The majority of plates have but 1 spine. Proximally the enlarged 
spine is as long as, or a trifle longer than, the furrow spines, but dis- 
tally is increasingly longer. A majority of the plates even on the 
outer part of ray (except perhaps the last 12 or 15) have a promi- 
nent pedicellaria just adorally to the subambulacral spine and behind 
file furrow series. The jaws are rather slender, slightly spatulate, 
and hollow interiorly, and the outer one when open folds into a 
shallow transverse depression reaching nearly to the outer margin of 
plate; the other jaw stands upright behind the furrow spines and is 
nearly or quite as long as they are. A similar but trifle smaller 
pedicellaria is found on a few of the proximal plates of A. Uonotus. 
Outer part of plate with 7 or 8 unequal subcorneal granules. 

Mouth plates only a trifle convex, forming a salient angle which 
nearly closes the actinostome. Marginal spines 8, the outer slender 
and tapering, the inner 8 or 4becoming gradually thicker and more 
compressed. Two inner subambulacral spines slender and tapering; 
then in the same series parallel to furrow is a prominent two-jawed 
pedicellaria (similar to the subambulacral), followed by 1 or 2 
thicker spines, near the outer furrow comer of the plate. Six or 
7 spaced, unequal, tubercular granules follow the sutural margins of 
the plate. 



Digitized by V^OOQ IC 



816 bullehk lOO, united states national mubeuk. 

Madreporic body surrounded by 6 plates, 3 of predominant size, 
slightly larger than in A. Uonotus, and with more numerous radiat- 
ing branched ridges. Three papular pores are found on the ad- 
central iQargin, and the surrounding plates bear 1 to 3 granules eacL 

Type.— Cat. No. 30666, U.S.N3I. 

Type-locality. — Station 6136, 11.9 miles northeast of Jolo Light, 
Jolo, Sulu Archipelago, 161 fathoms, fine coral sand, bottom tempera- 
ture 64.7° F.; 1 specimen. 

Distribtition. — Known only from the type-locality. 

Remarks. — This species differs from A. calUmorphus and A. lio- 
notus in having prominent granules and pedicellariae on the abar{i- 
nal plates, and differs further from the latter in several characters 
enumerated in the diagnosis. A. fisheri Koehler, from 224 to 284 
fathoms between the Maldives and India, differs from A. caUimot' 
pkuSy A. Uonotus^ and A. aphaeriostictvs in having a larger disk 
and shorter rays, only 7 or 8 superomarginals being in contact medi- 
ally. Moreover, the superomarginals do not at first increase in size 
and then gradually decrease; they are very nearly of the same di- 
mensions up to tlie eighth, from which they diminish very rapidly. 
There are several differences in detail (see Koehler, 1909, pL 2, fi^ 
2 and 3). It is quite possible that fisheri will prove eventually to 
be the type of a good subgeneric group, as there are now 3 well- 
marked species with the marginal plates of the type of callimarpkus. 

Genus CALLIASTER Gray. V 

CaiUaster Obay, 1840, p. 280. Type, C. chUdreni Gray. 

CALUASTER COBYNETBS FIAer. 

Plate 86, fig. 1 ; plate 87» fig. 1 ; plate 93, figs. 6, 6a. 
CaUiaster corynetes Fisher, 1913a, p. 644. 

Diagnosis. — ^R=40 mm., r=15 mm., R=2.66 r; breadth of ray at 
base, 18 mm. Disk large, rays rather slender and blunt, the inter- 
brachia being wide and rounded. Marginals very massive, wider in 
outer part of ray than the abactinal area, very tumid, each bearing a 
very robust, rigid, blunt spine (2 on first plate) , the general surface 
of the plates being smooth ; terminal plate large with 5 heavy spines; 
inferomarginals with 2 stout spines and a few pedicellariae; abac- 
tinal plates smooth, bordered by a single series of flat, flush gran- 
ules, the 5 primary radials and 1 or 2 other radials, as well as the 
central plate with a heavy upright blunt spine, the remaining median 
radial plates and most of the larger plates of central part of disk with 
a central tubercular granule; numerous very broadly spatulate, folia- 
ceous pedicellariae; actinal intermediate plates each with a heavy 
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blunt spine (sometimes 2) and a broadly spatulate entrenched pedi- 
cellaria ; adambulacral plates with a palmate furrow series of 5 to 7 
unequal, rather slender, more or less compressed spines, and distally 
1, proximally 2, heavy subambulacral spines, resembling those of the 
actinal intermediate plates. Differing from 67. ckUdrerd in having 
much heavier marginal and actinal spines and numerous pedicel- 
lariae; from G. pediceUaris in having heavy actinal intermediate 
spines, more numerous and longer furrow spines, and prominent 
spines in the center of disk; from C. haccdtus in having longer 
spines generally, numerous pedicellariae, more numerous furrow 
spines, and a few prominent abactinal spines, instead of tubercles 
all over the abactinal area. 

Description, — ^Abactinal plates subcircular, the median radial the 
largest and convex, the others slightly convex, and all surrounded by 
a peripheral series of depressed subtruncate, f oliaeous granules flush 
with the surface and overlying the rather conspicuous intervals be- 
tween the plates. The apical area, enclosed by the primary radials 
and basals, contains smaller plates of two sizes in two circles sur- 
rounding the larger very convex central plate, which, like the slightly 
larger, but similarly convex primary radials, bears an upright rigid, 
robust, blunt tubercular spine 3.5 to 5mm. long, and at the base 
as thick as about half the width of plate. The following one or two 
plates, or the second following plate, bears a shorter but similar 
spine, while the remainder, with the exception of the last 5 or 6, 
have a central tubercular granule, decreasing in size distad. The 
radial plates inside the apical area, the primary basals, and a few 
neighboring plates of the disk also have a central tubercle. A num- 
ber of plates on the disk and proximal portion of rays — about 35 
in all — bear a pedicularia with two very broadly spatulate, entire, 
jaws which fit into well-marked depressions, when open. On some 
plates, when open, the jaws reach nearly across. Papulae large, the 
area including all the disk except a very narrow interradial portion, 
extending on the margin only to middle of the first plate, and the 
last six or seven abactinal plates. There are six around each plate. 
The abactinal area of the ray is narrow. From the third supero- 
marginal to the seventh there are only three longitudinal series of 
plates separating the marginals, and beyond the seventh only one, 
the width of the area here being less than that of the marginals. 

Superomarginal plates, 13, very tumid, and decreasing regularly 
in size, the first with two rigid tubercular spines in a transverse 
series, the others with one spine on the margins of the ray. The 
lateral face of the plate is about as wide as the dorsal. The spine is 
borne on the summit of a subtubercular tumidity and in height equals 
the distance between its base and the inner margin of plate. It is 
smooth, blunt, subcylindrical, very slightly tapering and constrictfed 
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slightly where it joins the plate. On the upper surface of the second 
or third to sixth or seventh plates is a small flat granule correspond- 
ing to the inner or dorsal spine of the first plate. One superomar- 
ginal has a lateral, broadly spatulate, pedicellaria. The plates are 
bordered by a single series of small elongate granules, similar to those 
bordering the abactinal plates, but longer. Terminal plate large 
and subglobular with 5 conspicuous tuberculate terminal spines, 
arising from bosses on the plate. These spines are longer than the 
distal superomarginal spines. 

Inferomarginals less timid than the superomarginals, with two 
tubercular spines slightly shorter than the superomarginal spmes, 
in a transvei'se series. The upper or outer spine is proximally a 
little longer than the lower, but beyond the middle of ray is reduced 
to a small tubercle which is even lacking on the last two or three 
plates. The inner or lower spine retains its length to near the end of 
the ray, where it becomes rapidly shorter. These spines are either 
directed outward at a right angle to the body or bent toward the tip 
of ray. A small but variable number of plates bear laterally or 
ventrally a very broadly spatulate pedicellaria, and all are bordered 
by small elongate granules. The first plate usually, and the second 
plate exceptionally, has a tubercle or a granule, or two to four on 
the ventral surface. 

Actinal intermediate plates unequally 4-sided, in 3 chevrons, the 
plates reaching along ray, to the fourth inferomarginal and bear- 
ing 1, or sometimes 2, heavy cylindrical blunt spines, sometimes 
slightly flattened at the tip, a trifle slenderer than, but fully as l<mg 
as, the longest inferomarginal spines. The plates are bordered by 
small granules similar to those of the marginal plates, but a little 
shorter. The free edge is convex or subtruncate. The spines are 
carried on a slight elevation or boss of the plate and at the base of 
the spine is a broadly spatulate pedicellaria, similar to those of the 
marginal and abactinal plates. The jaws are as wide as long dis- 
tally, and hollowed out, while proximally they narrow abruptly. 

Adambulacral plates a little wider than long, with a slightly con- 
vex furrow margin, bearing a palmate series of 5 to 7 very unequal, 
rather slender, blunt spines, sometimes slightly compressed, with the 
narrow side to furrow, or again with the broad side thereto. The 2 
or 8 median spines are the longest, while the 2 laterals on either 
side are successively shorter, all being bound together at the base 
by membrane. The lateralmost spinelet is usually very short In a 
transverse series on the slightly convex actinal surface of the first 
18 to 18 plates are 2 blunt or truncate heavy spines like those of the 
actinal intermediate plates; beyond the thirteenth to the eighteenth 
plates there is but one spine. At the base of the furrow the inner 
of these 2 spines is slightly the larger and scoop-shaped at the tip, 
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the concavity being on the outer side. Soon these spines become 
blunt and cylindrical, though often a little flattened at the tip, and 
the series continues to the end of the ray, the spines becoming slen- 
derer on the outer part of the ray, although not decreasing in length 
until near the tip. The outer spine decreases in length, and beyond 
the thirteenth is very short, disappearing entirely at about the middle 
of ray. Along the proximal and distal margins of the plates are 8 
or 4 more or less pointed granules, and on the outer margin 1 or 2 
granules. 

Mouth plates rather narrow with 8 or 9 furrow or marginal spines, 
yery short on the outer end of series and increasing rapidly in 
length toward the inner end, the 2 series of the combined plates be- 
ing webbed at the base and forming an angular group or comb clos- 
ing the actinostome. On all the plates but one there is a single 
upright, long, compressed, subambulacrat spine, chisel-shaped at the 
tip. One plate has 2 such spines. They are similar to the subam- 
bulacral, but slightly heavier. The outer and sutural margins are 
surrounded by a single series of irregular subcorneal and convex, 
sometimes compressed, granules. 

Madreporic body convex, situated halfway between center and 
margin of abactinal area, surrounded by 5 plates only the 3 larger of 
which actually touch the madreporite. Ridges irregular, branching, 
without definite direction. 

Type.—C9Lt No. 30557, U.S.N.M. 

Type-locaZUy. — Station 5280, between Lubang and Luzon, south of 
Manila Bay, 193 fathoms, gray sand; bottom temperature 49.6® F.; 1 
specimen. 

Distribution. — Known only from the type-locality. 

Remarks. — This species agrees with C. pedicellceris Fisher of the 
Hawaiian Islands, and differs from C. childreni Gray of Japan, and 
G. hacccttus Sladen from Cape of Good Hope in having numerous 
broadly spatulate pedicellariae. Corynetes is probably most nearly 
related to pediceUaris^ from which it differs in having very promi- 
nent spines in the center of disk (the scars of G. pedicellaris would 
indicate rather small tubercles) ; in having numerous abactinal and 
a few marginal pedicellariae, in addition to the actinal intermediate 
pedicellariae; heavy actinal intermediate spines; 6 to 7 instead of 
8 or 9 furrow spines, the laterals being very short instead of sub- 
equal to the mesial; pedicellariae which are very narrow at the base, 
the jaws being broad, orbicular, concave, and entire. 

CaUiaster mamaUifer Alcock^ differs in having the superomar- 
ginals (6 in number) in partial contact across the distal third of the 
rays. These plates " have the form of great globules, each surmounted 
centraDy with a nipplelike spinelet," while the inf eromarginal plates 

1 Alcock, 1898&, p. 172, pi. 8, flgs. 3 and 4 ; Andaman Sea, 270-245 fathoms. 
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are long, broad, and tumid, and each bears neao' the suture Une wUk 
the superomarginals, a row or a group of large coarse truncated 
spinelets." Further, the adambulacral plates have only 4 furrow 
spines and a single ^' large, coarse, truncated " subambulacral spine* 
No pedicellariae are mentioned. 

Genns ASTROTHAUMA Fisher. 

Astrothauma Fishes, 1913a, p. 645. Type, A. euphylaoteum Fisher. 

Diagnom. — ^Differing from Cdlliaster Gray in having the last 
superomarginal plate much enlarged and in having the marginal and 
actinal spines with a roughened or thorny surface; plates smooth^ 
bordered by a single series of granules, and with small 2-jawed 
upright pedicellariae; marginal and actinal plates with heavy, 
thorny, or roughened spines; prominent upright smooth or slightly 
eroded spines on center of disk and basal portion of ray; furrow 
spines nimierous, small, in a close comb ; subambulacral spines 2 or 8^ 
large, rough, tapering, and sharp. 



ASTBOTHAUMA EUPHTLACTEUM ] 

Plate S6, fig. 2 ; plate 87, fig. 2 ; plate dS, figs. 7, 7(^-0. 
Astrothauffta euphylacteum Fisher, 1913a, p. 645. 

Diagnosis. — Rays 5. R=86 mm., r=24 mm., R=8.5+r; breadth of 
ray at base, 27 mm. ; thickness of disk at interradius, 8.5 mm. Disk 
fairly large; rays gradually tapering, rigid, blunt; abactinal plates 
smooth, bordered by a single series of granules; center of disk and 
proximal third of radial series with prominent, stout, sharp, upright 
spines and a few scattered small 2-jawed pedicellariae ; superomargi- 
nals with the distalmost plate much enlarged and each with 2 or 3, 
abnormally as many as 5, prominent, sharp spines; inferomarginals 
with proximally 6 to 8 unequal, tapering, sharp, roughened, or 
thorny spines, becoming reduced to 4 at middle of series, then 8, 
and finally to 1 or 2 at end ; actinal intermediate plates usually with 
a sharp thorny spine, at the base of which is a small blunt spatulate 
pedicellaria with 2 swollen jaws; adambulacral plates with 12 to 17 
small compressed furrow spines in a close comb, and 2 or 3 sharp, 
heavy, roughened, subambulacral spines in an oblique series. 

Desc7*iption. — ^Abactinal plates roundish, broadly elliptical, or sub- 
hexagonal, those without spines smooth, slightly convex, and bor- 
dered by small flattish granules with a convex or subtruncate margin, 
the base being obscured by a very thin membrane. The central plate, 
the primary radials and basals (except one) and upward of 8 other 
median radial plates bear, on a convexity, an upright, tapering, sharp, 
heavy spine, the longest (on the primary radials and central plate) 
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about 7 mm. in length, and the surface slightly uneven or rugose, 
but without thorns or asperities. The radial series extends nearly 
one-half K, but the spines do not occur on all the plates, 1 to 3 un- 
armed plates being between the armed plates after the first 2 to 4 
spines which are on connective plates. There is a good deal of ir- 
regularity in arrangement. A few scattered plates, especially on the 
radial series, bear a small pedicellaria a little larger than a granule, 
with 2 oblong, round-tipped slightly swollen jaws, a little higher 
than wide. The plates with their granules are slightly spaced and 
are of a chocolate brown, sharply in relief against the dark reddish 
brown integument beneath. The plates are arranged in very regular 
series parallel to the median radial, which reaches as far as the en- 
larged distal superomarginals. The 3 prior superomarginals are sep- 
arated by the median radial plates only. 

The abactinal plates, from the inner side, are strongly lobed or 
stellate, the median radial or carinal plates being the largest, with 
6 to 8 subacute lobes, the 2 or 3 on either side being longer than the 
distal and proximal. The other plates are smaller, more or less 
convex, and with 6 lobes. The plates touch by the ends of the lobes. 
The papulae are distributed all over the disk and rays, and each plate 
is surrounded by 6 to 10 papulae, the latter number occurring around 
the proximal radial plates and the larger plates of disk. 

Superomarginal plates 15 or 16, massive and tumid, the proximals 
confined to side wall of the ray, the others gradually encroaching 
more and more upon the abactinal surface, until beyond the middle, 
the dorsal surface is slightly wider than the lateral. Proximally 
the extreme width of plate exceeds the length ; then the 2 dimensions 
become equal; then the length slightly exceeds. The last 2 or 8, 
with the exception of the distalmost, are a trifle wider than long. 
The distal plate is enlarged and is as long or longer than the 2 
preceding plates combined. On one ray a much enlarged distal 
has opposite it 3 ordinary superomarginals, and on another ray 2, 
while 2 other rays have unequal enlarged distals. These enlarged 
plates are very characteristic of this form. Near the upper end of 
each superomarginal is a long, conical, rigid, usually sharp, out- 
standing spine, about as long as the width of its plate, the series 
extending to the end of ray. In a transverse line with this, on the 
lateral wall of ray, is a shorter, horizontal, sharp spine, or 1 spine 
and 1 or 2 smaller companions irregularly placed. Two plates have 
4 spines on the lower part of the plate, while 2 others have 3 sub- 
equal spines in a transverse series, including the uppermost. The 
enlarged distal plate has 2 'to 4 spines in a single longitudinal series. 
All these spines are prominent, but they vary in length. In general 
fhey become shorter distally. Many of the plates bear a small pedicel- 
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laria similar to the abactinal, near the base of one of the lower spines^ 
and sometimes 1 or 2 little granules ; otherwise the surface of plate 
is smooth, the margin being provided with a series of granules 
similar to those of the abactinal plates. Terminal plate large, tu- 
bercular, subglobose, acute prozimally, showing scars of 4 to $ 
terminal tubercles. 

Inferomarginals forming a rounded margin to ray, individually 
tumid and decreasing regularly in size up to the last, the distal 
not being enlarged. Four or 5 distal plates correspond to the en- 
larged superomarginal. The first 5 or 6 plates are wider than long, 
while the others, except the last 8 or 4, are longer than wide. The 
proximal plates bear a central group of 6 to 8 spines, becoming re- 
duced to 4 at the middle of ray, then 3, and finally 2 or 1 on the last 
few plates. The spines are prominent, unequal, tapering, and sharp, 
the longest being 8.5 to 4 mm. long. A peculiarity which they share 
with the actinal intermediate and subambulacral spines, is in being 
roughened by longitudinal rather irregular series of thorny ridges 
or protuberances, and the perfect spines end in several very short 
thorns or points. The protuberances on the sides of the spines vary 
considerably in form, being sometimes carinate, interrupted, ridges^ 
and again formed like blunt rose thorns. The distalmost spines are 
nearly or quite smooth. Most of the plates bear 1 or 2 pedicellariae^ 
similar to those of the superomarginals, and are bordered by a single 
series of small oblong semi-immersed granules similar to those of 
the superomarginals. 

Actinal intermediate plates in 3 chevrons, with an odd plate inter- 
radially adjacent to margin. The plates adjacent to adambulacrals 
are 6-sided or sometimes distally 4-sided and reach as far as the 
middle of the fourth inferomarginal. Nearly all the plates bear a 
central, tapering, sharp, thorny spine about as long as the infero- 
marginal spines, and at its base a small, blunt, spatulate pedicellaria 
with 2 swollen jaws, usually constricted at the middle, 1.5 to 2 times 
as high as wide. The plates are bordered by slightly convex, or 
flattish granules immersed in membrane. 

Adambulacral plates slightly convex, wider than long proximally, 
becoming as wide as long in middle of ray, and again wider than 
long at the tip. Furrow margin slightly convex, bearing a close 
comb of proximally 12 or 13 spinelets, increasing gradually to 16 or 
17 at the middle of ray. The small plates near the tip have a de- 
creasing number, the last 10 plates diminishing from 10 or 11 to 4 
or 5 spinelets. The spinelets are slender, compressed, blunt, close 
together, webbed for nearly half their length, and form a straight 
or slightly convex-edged comb, abruptly rounded at the comers, 
where 2 or 8 lateral spinelets, sometimes with the flat side to furrow,, 
become very rapidly shorter, so that the first and last spinelet is 
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quite short On the actinal surface in an oblique transverse series 
are usually 2, sometimes 3, large, tapering, pointed thorny or rough- 
ened spines, the longest 4.5 mm, and longer than the actinal inter- 
mediate spines. When there are 2, the spines are nearly equal and 
about as long as 2 plates. When there are 3, 1 is shorter, and instead 
of forming a straight series they stand often in a group. One plate 
has 4 spines. Most of the plates of the proximal two-thirds of ray 
bear an upright, enti'enched pedicellaria with 2 or 3 subspatulate, 
often unequal, spiniform jaws, rather larger than the actinal inter- 
mediate pedicellariae) and situated usually just adorad of the inner 
subambulacral spine. The plate is bordered by convex granules 
covered by a thin membrane. The inner granule of the distal mar- 
gin is often conical and spiniform. 

Mouth plates triangular, the margin adjacent to first adambulacral 
slightly concave and about as long as that bordering the furrow. 
Marginal spines 15, all but the 2 innermost similar to the furrow 
epinelets. The innermost spine is abruptly enlarged, heavy, sub- 
prismatic, bluntly pointed; sometimes the second spine is slightly 
enlarged. In the middle of the actinal surface is a tapering, sharp, 
smooth, or slightly roughened suboral spine, or 2 such spines (5 plates 
having 1 and 5 plates, 2). A rather irregular series of convex gran- 
ules, larger than those bordering the adambulacrals, follows the 
outer and mesial margins of plate. 

Madreporic body rather large, situated one-third r from center 
and traversed by radiating branched ridges separated by fine striae. 

The upper end of each ambulacral ossicle is covered with small 
spiny projections and the free edge of the plate, between consecutive 
pairs of ampullae, is thin, serrulate, and bladelike, the serrations 
being a continuation of the spiny projections of the upper end of the 
plate. 

Tube-feet with a well-developed sucking disk. 

CJolor in alcohol, chocolate brown, lighter beneath, the integument 
between the abactinal plates being reddish brown. 

Type.— CAt No. 30558, U.S.N.M. 

Type-locality. — Station 5412, between Cebu and Bohol, 162 fath- 
oms, green mud, bottom temperature 54.8° F. ; 1 specimen. 

Distribution. — Known only from the type-locality. 

Remarks. — ^This genus is virtually Calliaster with swollen or en- 
larged terminal superomarginal plates and thorny or roughened 
spines. The last character suggests MUteliphaster Alcock, which 
has the actinal spines ending in swollen bifidor multifid points. The 
structure of the actinal spines is apparently the only character which 
separates MUteliphaster from CdUiaster. In Astrothavma the 
roughened spines resemble those of certain cidaroida The fact that 
the swollen terminal superomarginal may be replaced by 2 or 3 
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smaller plates, abnormally, does not invalidate it, in my opinion, as 
a generic character. A similar variation may occur in Pentagonaster 
Gray. The growth of the marginal plates must be different from that 
of CaUiaater and MUteliphdster^ where the superomarginals decrease 
in size regularly and gradually at the end of the series. 

Genus GONIODISCASTER Clark. 

Q<miodi9caBter H. L. Olabk, 1909, p. 110. Type, QonAodUcui pleyadeUa 
(Lamarck). 

GONIODISCASTEB FORFICULATUS (Petrlw). 

Plate 80, figs. 2, 8. 

Ooniodisoua forfloulatus Pebbieb, 1875, p. 284. — Koehleb, 1910a, p. 61, pi 7, 
figs. 1, 2, and 3 ; pi. 11, fig. 1 ; pi. 14, fig. 2. 

Notes on Philippine specimens. — ^Koehler has very fully described 
and illustrated the specimens from India, and has noted wherein 
these depart from the types, of which he had photographs. He 
states that iSgures 2 and 3, plate 7,^ agree very closely with Perrier's 
type. The two Philippine specimens also ^ow close resemblance 
to these figures. 

Koehler writes that his specimens varied somewhat, and I have 
been able to compare the example from station 5159 with the Indian 
specimen from station 78, coast of Ganjam (Bay of Bengal, south 
of Puri), the latter example being now No. 2094, Museum of Com- 
paratize Zoology. This example shows a number of differences to 
the Philippine specimens, which will be noted below. 

Specimen from station 5159. R=37 mm., r=15 nmi., R=2.4 r. 
The general features are sufficiently shown by the figures. The mid- 
radial line of plates is clearly distinguishable, almost conspicuous^ 
as are also the double series of 3 plates (6 in all) extending from 
the ^^ primary basal '^ to the superomarginals. The median plate of 
each of these series is the largest, and the double series is commoi 
to a number of species of this genus. The midradial series of plates 
sometimes reaches the terminal plates, sometimes is prevented by the 
last pair of superomarginals meeting on the radial line. A single 
series of adradials usually extends as far as the third superomarginal 
from the end. A second parallel series, however, does not extend 
beyond the third superomarginal. The small globular and thimble- 
shaped granules are distinctly spaced, at least half the width of the 
granule, sometimes more, those on the midradial plates being smallest 
The granules increase in breadth and length rather abruptly on the 
adradial plates, although the difference is not great. The marginal 
granules are lower and broader than the adradial and roundish or po- 
lygonal in outline. There are two kinds of abactinal pedicellariae — 

^ Koehler, 1910a, p. 61. 
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low bivalved, similar to those of Oreaster^ lower than the granules 
and 2 to 2.5 times as long as broad. These occur also on the supero- 
marginal and actinal plates. The second sort are tong-shaped with 
spatulate jaws, 2 or 3 times as long as the granules, and occur on the 
adradial plates and second, adjacent, series. The papulae are well 
shown in Koehler's figure 2, on plate 7. They extend nearly to the 
end of the ray and to center of disk, but are segregated more or less 
into 10 areas by the conspicuous double interradial series and the 
radial series of plates. All these 10 merge, however, with the circular 
area in center of disk (inside the circle of primary radial plates). 
The granules guarding the pores are slightly larger than those of 
the surface of the plate, but are not at all squamiform. The anal 
aperture is guarded by about 10 granules much larger than the 
others. 

Superomarginals, 12, tumid, the last 3 or 4 with a group of 
enlarged granules in the center. Terminal plate elongate, with a 
conspicuous blunt conical spine at the tip. The last 4 or 5 inf eromar- 
ginals, as noted by Perrier, have a conspicuously enlarged granule 
in the form of a robust blunt tubercle near the aboral border of plate 
«m the rounded ventrolateral angle. 

The actinal intermediate plates are clearly outlined and arranged 
in 3 chevrons, with 2 plates starting a fourth adjacent to the prox- 
imal inferomarginals. On the interradial line are 3 unpaired plates, 
the middle much the biggest. Granules, hemispherical to thimble- 
shaped, spaced one-half to three- fourths their own diameter apart. 

The adambulacral armature conforms to Perrier's description, and 
is best shown by the figure. There are 6 furrow spines, webbed for 
half their length, usually 3 subambulacral spines, the median much 
enlarged, flattened, and subspatulate, and a row of 4 granules on 
the outer magin. At the adoral end of the subambulacral series, or 
between it and the outer series of granules, is a forceps or tongs 
shaped pedicellaria. 

Mouth plates with 9 marginal and 5 to 7 shorter subambulacral 
spines, back of which are about 7 granules, all these 3 series parallel. 
In the angle between the second row of granules of the combined 
plates are upward of 20 granules. 

The specimen from Ganjam, India, referred to above, differs in 
having 8 or 9 furrow spines, while the first series of subambulacral 
spines are 4 or 5, graduated in length toward the mesial, which is not 
conspicuously larger than the others. In addition to 3 or 4 com- 
pressed granules on the outer edge of the plate there is a second sub- 
ambulacral series of about 4, somewhat flattened, truncate spines, 
shorter than the inner series. The abactinal granulation is coarser, 
and there are no actinal intermediate and abactinal slitlike pedicel- 

13434--Bull. 100—19 ^22 
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lariae, nor are the granules enlarged about the papular pores. The 
distal inf eromarginal plates are without tubercles, while the primary 
radial plates each have a tubercle. The granulation of the actimd 
surface is finer than in typical forf,cuLa;tus; for instance, the large 
unpaired actinal plate just back of the mouth plates has about 30 
granules in forfumlatus and 55 or a few more in the Indian specimen, 
in which, moreover, the outlines of the actinal plates are very indis- 
tinct, while in the Philippine specimens they are very distinct. This 
specimen seems to belong to a distinct variety if the Philippine ex- 
amples are to be regarded as typical. 

Type, — ^In the British Museum. 

Type-locality. — Migupou (probably a Philippine locality). 

DiatrihvMon. — ^Philippine Islands to Gulf of Martaban, Burma, 
and south along the east coast of India to Ceylon. 

Specimens examined. — One from each of the following localities; 
Station 5159, off Tinakta Island, Tawi Tawi Group, 18 fathoms, fine 
sand and shells. Station 5482, Surigao Strait, east of Leyte, 67 
fathoms, sand, shells, gravel. 

Subfamily Anthenoidinae, new name. 

LeptogonasteriMie Pebbieb {Lepiogonaster is a synonym of AnihenoHei). 
Genns STELLASTER Gray. 
Stellaiter Gray, 1840, p. 278. Type, Stellaster chUdreni Gray. 

STELLASTEB INCEI Gray. 

Plate 79, figs. IS ; plate 80, fig. 1. 

Stellaster incei Gray, Proc. Zool. Soc. London, 1847, p. 76 ; 1866, p. 7, pL 5, 
fig. 1. — Sladen, 1889, p. 322. — ^D5deblein, 1896, p. 307.— Koehixb, 
1910a, p. 80.—- Bbown, 1910, p. 81.— Simpson and Bbown, 1910, p. 50. 

SteUaater belcheri Gray, Proc. Zool. Soc. London, 1847, p. 76; 1868, p. 7, 
pi. 7, fig. 1.— Sladen, 1879, p. 430 (Korean Straits). 

Stellaster gracilis MdBius, Neue Seesterne des Hamburger and Kieler 
Museums, p. 12, pi. 4, figs. 8 and 4 (Abhandl. a. d. Gebiete Natnrw. 
hrsg. V. d. naturwiss. Verein, Hamburg, vol. 4, Abth. 2, 1860). 

Notes on PMlippvne specimen's. — Sladen considers Steltastet incei 
and helcheri growth stages of the same species. The specimens col- 
lected by the Albatross are mostly small, and as in the case of Dofler- 
lein's specimens from Thursday Island are referable to " helcheri^ 

Among the 26 examples from station 5358, 2 have less than 4 
tubercles, 13 have 5 tubercles, not always symmetrically arranged, 
10 have 10 tubercles, and 1 has scars of 17, all on the radii. The 
largest of these specimens has R=40 mm., the smallest E=13 mm* 
The granules are fine, bead like and spaced, and the membrane very 
thin. The furrow comb consists of 7 or 8 rather slender spines, the 
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median more compressed than the laterals, and all webbed for half 
their length. The subambulacral spines are 2 to 4, flattened, round- 
tipped and unequal, and arranged in a longitudinal series. Just 
back of the adoral furrow spine is often a prominent pincer-shaped 
slightly tapering pedicellaria. In very small specimens the subam- 
bulacral spines are represented by a row of granules. 

Three specimens from station 5483 differ in lacking abactifial 
tubercles altogether (although larger) and in having a large flattened 
truncaiie subambulacral spine. The largest specimen has R 54 mm* 
The rays are broader than in the examples from station 5358. Yen- 
trally this specimen resembles Stellaster eguestris^ but the marginal 
plates are decidedly narrower than in a specimen of equestris from 
XJsuki, Japan, and the granulation is finer, and quite evidently spaced 
especially on the dorsal surface. A specimen from station 5432 
agrees in having the large subambulacral spine, and there are 5 
small dorsal tul^ercles in addition. 

A portion of the abactinal wall of a specimen from station 5488 
was examined. This specimen was sexually mature although of 
only medium size (R=46 mm.). The abactinal plates are large, 5 
to 7 in each interradius being the largest, and on the margin bordering 
the papular areas, scalloped. The carinal plates have 2 short lobes 
on either side, and the adradial plates on the rays have 2 lobes also 
on either side, which, as seen from below, overlie the edges of the 
carinal and the other adjacent longitudinal series. In the central 
area of the disk the plates have 5 or 6 more prominent lobes. There 
are 3 or 4 papulae to each pore between the lobes of the plates. 

The gonads form a single large cluster, one on each side of the 
membranous interbrachial septum, 10 in all. 

Type-locality. — ^" North Australia," Gray. 

Distribution, — ^East to the Mozambique coast (Simpson and 
Brown), India and Ceylon, Mergui Archipelago, Sumatra, and Singa- 
pore, Philippines, to Korea (? Sladen), south to New Guinea, Ara- 
fura Sea, Torres Strait, North, Northeast and' South Australia. 
Bathymetrical range, 8 to 74 fathoms, usually under 50 fathoms. 

Specimens exarrdned. — Fifty-five from the following stations: 

Specimens of Stellaster incei examined. 



Stft. 
tion. 



Locality. 



Depth. 



Nature of bottom. 



Xum- 
ber. 



6161 
SS57 
£358 
5483 
6183 



Tawi Tawi Oronp, Sulu Archipelago 

do 

do 

do , 

North Balabao Strait, southwestem end Palawan Island. 

Off Sandakan Harbor. Borneo 

Off Corandaeos Island, eastern Palawan 

Surigae Strait, east ol Leyte 



FathotM 
18 
18 
18 
16 
68 
39 
61 
74 



line shells, sand.. 

Fine sand 

....do 

....do 

Coral, sand 

Mud 

Sand 

Sand,broken shells 



a 

14 

1 

6 

1 

26 

1 
3 
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Remarks. — ^The specimens recorded from stations 5432 and 6488 
may be a variety of 8. equesiris. I have compared them with a fairly 
large specimen from Usuki, Japan, which may naturally be regarded 
as typical, as it agrees in the main with Miiller and Troschel's figure 
(1842, pi. 4, fig. 3). The differences have already been mentioned. 
Just how constant the width of the marginal plates and the size of 
the granules are in eguestria I am unable to state. But in all the 
Philippine and Borneo specimens the narrower superomarginals, 
especially interradially, and the smaller spaced granules are constant. 
The relationship between incei and eguestris is by no means clear, and 
some characters other than the dorsal tubercles must be used to dis- 
criminate specimens from the territory on the edges of their respec- 
tive ranges, if not elsewhere. 

Genus ANTHENOIDES Perrier. 

AntTienoides Pesrhsb, 1881, p. 23. Type, A. peircd Perrier ; also 1884, p. 24flL 
Leptogonaster Siaden, 1889, p. 326. — Fisher, lOlld, pp. 160, 173. 
Antheniaster Vebbill, 18d9, p. 173.— Fisher, 1906, p. 1067; 1911d, pp. 
169, 173. 

A comparison of Anthenoides peircei with Leptogonaster cristatns 
reveals no differential characters of generic importance. AfUhe- 
noidea sarissa^ the type of Anthemaster^ is very closely related to 
Leptogonaster cristatus. It is certainly not in a separate genus. All 
three species have the body overlaid by a skin of variable thickness, 
which obscures either rudimentary or fairly well developed granules, 
and the pedicellariae vary from a low slitlike bivalved type to 
slender forcipiform. In A. cristatus the pedicellariae are extremely 
variable. All three species have numerous secondary abactinal 
plates, which increase in number with age. These plates are there- 
fore not characteristic of Antherdaster alone, as Verrill believed. 
There is even greater similarity in their particular form between 
those of A. peircei and A, cristatus, A. peircei^ A. cristatns^ and 
A. sarissa have similar inferomarginal spinules, while in A. epixan- 
thvs^ A. granulosus^ A. lithosorus^ and A, rugulosits special spinules 
are always absent, the plates being granulous. Finally, all except 
A. sarissa^ which has not been examined, have the gonads, not single, 
but fairly numerous in a series, on each side of and parallel to the 
membranous interbrachial septa. 

KEY TO THE KNOWN SPECIES OF ANTHENOIDES. 

a\ Actlnal intermediate areas with large slit-like bivalved pedicellariae nearly 
flush with the general surface ; abactinal membrane thick and tough. 
peircei Perrier. 

a\ Pedicellariae varying from forcipiform to bivalved, but when bivalved al- 
ways small and not sunken flush with surface. 
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ft*. Inferomarglnals with small lateral spines, at least in the interbrachial arc* 
&. Prozimally 2 or 3 subambnlacral spines, or prominent pedlcellariae ; 

abactinal pedlcellariae cristatus Sladen, p. 329. 

0^. Proxlmally 1 prominent subambnlacral spine ; no abactinal pedlcellariae. 

$ari8sia Alcock. 
ft^. Inferomarginals without lateral spines. 

c^. Pedlcellariae only on the adambulacral plates; abactinal granules few 
and microscopic, visible only when abactinal membrane is dried ; the 
abactinal area has superficially the appearance of being without 

granules epiwanthus Fisher. 

o^ Pedlcellariae on the abactinal and actinal intermediate areas, as well as 
on the adambulacral plates ; abactinal granules numerous, at least in 
center of disk, and easily seen wthout a magnifier. 
if. Superomarginals decreasing regularly and gradually in length from 
the first; granules distributed uniformly all over abactinal area. 
e^. R=2 r ; central granules of each abactinal plate the largest ; prox- 
imal superomarginal plates coarsely granulated all over; supero- 
marginals all wider than long granulosuf Fisher, p. 333. 

€^. R=2.6 r ; granules smaller, uniform ; superomarginals finely granu- 
lated, only a few proximals with coarse central granules ; supero- 
marginals at middle of ray longer than wide. 

ruffulotUB Fisher, p. 338. 
if. Superomarginals maintaining their width to near end of ray; gran- 
ules numerous in center of disk, becoming much smaller and more 
widely spaced as periphery is approached; superomarginals of 
proximal half of ray with coarse central granules. 

lithoaorus Fisher, p. 336. 

▲NTHENOIDBS CBI8TATCS (Steden). 

Plate 78, figs. 1, 2; plate 88, fig. 1; plate 89, fig. 1. 
Leptogonaster crisiatus Sladen, 1889, p. 327, pi. 54, figs. 1-7. 

Notes an Philippine specimens. — ^The large series of specimens 
dredged by the Albatros represents all stages from the young to the 
mdult, while the latter exhibit considerable range of variation, par- 
ticularly in the number and form of the pedlcellariae. 

The diange in proportions due to increasing age is shown by the 
following table, the measurements being in millimeters: 
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The last two specimens are larger than Sladen's type. 
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The chief differences between the young and medium sized speci- 
mens (as No. 4) are to be found in the extremely thin membrane 
and few or no granules of the former. A very young cristataa does 
not appear to belong to the same genus as the adult. In specimen 
No. 1, for example, the outlines of the abactinal plates are clearly 
visible and the thin membrane might be described as deciduous. 
The marginal and actinal intermediate plates are also covered with 
very thin deciduous membrane. There are no abactinal, marginal, 
or actinal intermediate granules, or pedicellariae. Four webbed 
furrow spinelets are present, and the first 2 or 3 adambulacral plates 
have the rudiment of a subambulacral granule. The mouth plates 
are prominent actinally and each has 7 furrow or marginal spinea 
The smooth plates and the deciduous membrane would cause this 
specimen to be placed in the genus Ogmaster if it were adult. It is, 
in fact, an Anthenoides in an Ogmaster stage. There are no small 
secondary adradial abactinal plates. 

Specimen No. 2 differs from No. 1 in having 1 or 2 spherical gran- 
ules on a few of the interbrachial inferomarginals in the position 
of the future spines, and a very few forcipiform pedicellariae have 
made their appearance on the actinal intermediate plates; furrow 
spines 5 or 6. 

In specimen No. 3 the abactinal membrane is thicker and more 
pulpy ; 2 or 3 small granules have appeared on the proximal supero- 
marginals and the granules on the proximal inferomarginals have 
increased to 4 or 5, and are larger, while on the ray a granule takes 
the place of the small tubercle of the adult. The inner row of the 
actinal intermediate plates is provided with a central granule (or 
3 or 4 on each of the pair back of the mouth plates), while in some 
specimens of this size a few other intermediate plates may have a 
central granule; subambulacral granules proximally 2, distally 1; 
furrow spines, 6. 

In No. 4 minute abactinal granules have made their appearance, 
which, in No. 5, have increased in number, while in the latter the 
adult condition is further evidenced by numerous small superomar- 
ginal granules scattered all over the plate (in No. 4 only a few), a 
few abactinal pedicellariae, inferomarginal spines, actinal inter- 
mediate granules%)n all the plates, and 7 or 8 furrow spines with 
a furrow pedicellaria on some plates. 

The granules increase in number in the large specimens and the 
marginal spines become more prominent and more numerous. Inter- 
brachially there are as many as 6 or 7 in large specimens, and ex- 
ceptionally 9, some of them being grooved, and bifid. The longest 
are about 2 mm. On the outer half or third of the ray there is but 1 
aboral appressed spine to a plate. Sladen figures a terminal plate 
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with 2 spines. In small specimens there are usually 4 or sometimes 5 
(as in ^. sarUsa) . In the adults I find scars of 4 or 5. 

An example from station 5520 has small forcipif orm pedicellariae, 
such as are figured by Sladen (1889, plate 54, fig. 6), scattered 
thickly over the abactinal and proximal superomarginal plates, with 
a few on the outer end of the proximal inferomarginals. A large 
specimen from station 5212 (No. 6 of the foregoing table) has the 
abactinal pedicellariae less numerous and of a bivalved form, the 
jaws being truncate, as wide as high, or wider than high. A speci- 
men from station 5394 has rather more numerous abactinal pedicel- 
lariae of the same form, while another from 5395 has pedicellariae 
of the forceps shape with shorter jaws than the figure of Sladen, 
together with others which might be classed as bivalved with trun- 
cate jaws higher than wide. In this specimen the pedicellariae are 
intermediate between the two extremes. 

In the example from station 5394, above referred to, the pedicel- 
lariae on the actinal intermediate plates adjacent to the adambulac- 
rals are unlike Sladen's figure 7, but are of the tjrpical bivalved type, 
being quite similar to the pedicellariae of Hippasteria. The jaws 
are truncate and sometimes twice as wide as high. A few are scat- 
tered over the rest of the interradial area. The example from sta- 
tion 5520, which has the very numerous abactinal forcipiform pedi- 
cellariae, has the actinal intermediate pedicellariae smaller and 
either bivalved or of the type figured by Sladen ; or with spatulate, 
rounded jaws intermediate between the two. Specimen No. 6 from 
station 5212 has a very few actinal intermediate bivalved pedicel- 
lariae, a short conical tubercle occupying its place on the other plates. 
A specimen from station 8595 has the tubercles more prominent, and 
present on plates near the margin, as well. 

I have been able to compare Anthenoidea peircei directly with 
cristatics. The actinal pedicellariae of peircei are bivalved, but low, 
resembling those of Oreaster. The difference is not of generic im- 
portance, however. If the jaws were a little higher the pedicellariae 
would be like those of cristatus from station 5394. In my key to the 
Ganiasteridae (1911-rf, p. 173) I relied on the form of the pedicel- 
lariae and the presence of abactinal and superomarginal granules to 
separate Leptogonaater from Anthenoides. AnthenoideSj it appears, 
has rudimentary dorsal granules, which, with the variations of 
Leptogonaster cristaiv>8^ bridge the small gap between the two genera. 
The enlarged group should therefore be known by the older name 
Antikenoides^ which includes also Antheniaater Verrill. Sladen was 
in doubt as to the validity of his genus, as he recognized its close 
aflhiity to Anthenoides. His conclusion that Leptogonaster was dis- 
tinct was justified, because Perrier described the dorsal skeleton of 
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Anthenoides as " reticulated." Although secondary plates are pres- 
ent on either side of the carinal series and adradial series, the 
skeleton has not the reticulated form which one associates with 
Anthenea. 

Anatomiocd notes. — Intestinal coeca composed of 5 long bifid divi- 
sions, each terminal division lying on either side of the membranous 
interbrachial septum to which it is attached by filaments of tissue. 
Hepatic coeca extending nearly half the length of ray; dorsal 
stomach sharply divided from the ventral; retractors of stomach 
attached to upper end of second ambulacral ossicle, to the proximal 
edge of the A -shaped first ossicle, and to the dorsal integument 
Polian vesicle in each interradius. Gonads arranged in a series par- 
allel to and near the interradial septum. They are not well developed 
in the specimen dissected, but from 6 to 10 small tufts can be counted 
in each series. In Anthenoides peircei the gonads are similarly 
disposed. 

On the proximal part of the radial area and center of disk the 
primary plates in regular longitudinal series are surrounded by 
irregular small secondary plates which on the distal part of their 
area are found only between the rows of primary plates. These 
secondaries are entirely lacking on the radial areas in immature 
specimens. Small examples may have a few in the center of disk, but 
the difference in size between them and the primary plates is not so 
marked. These secondary plates have 5 or 6 short lobes with trun- 
cate facets which join truncate facets of the primary plates. The 
number of secondary plates varies with age, an old specimen having 
many, which proximally completely surround the primary plates, 
while in smaller examples the plates are fewer and are found be- 
tween the primaries. On the coelomic side some of the secondary 
plates are raised into a keel, the keels radiating, 4 to 6, quite regu- 
larly and acting as connecting ossicles between adjacent rows of pri- 
mary plates, and sometimes between consecutive plates of the same 
series. Other secondaries, out of position, lack the keel. Distally 
beyond the area of secondary plates the primaries are externally 
roundish, with tnmcate facets, or they may touch without a flattening 
of the periphery. The papulae are generally distributed all over 
the abactinal area in fully adult specimens and occur 1 to an area, 
as a rule, though between secondary plates occasionally 2. 

I have examined the dorsal skeleton of Anthenoides peircei and it 
conforms to the arrangement in cristdtus^ although minor specific 
differences are observable. For example, the secondary plates lack 
a special internal keel, and, the specimen being smaller, there are 
fewer plates. When the abactinal integument of peircei is cleared 
with caustic potash numerous minute grains are observable, much 
smaller than the dorsal granules of cristatus. 
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Type. — ^In the British Museum. 

Type-locality. — CTicMenger station 204, off Tablas Island, Philip- 
pines, 100-115 fathoms, green mud. 

Distribution. — ^Philippine Islands, 102 to 279 fathoms, on green 
mud, globigerina, sand, and hard bottom ; temperature range 53.8^ to 
61.8^ F. 

Specimens examined. — Eighty-eight. 

Specimens of Anthenoides cristatus examined. 



Station. 



LocaUty. 



Depth. 



Nature of bot- 
tom. 



Num- 
ber. 



Bottom 
temper- 
ature. 



5117 
5121 

5212 

5387 
SM8 
5875 



5454 
5605 



5515 
6620 



BalayanBav.I/Uzan 

East coast of MlndorOi 9 miles southeast Malabrlgo light. 

East of Masbate Island 

North of Mindoro (Verde Island Passage) 

Northwest of Marinduque Island 

do 

Ragay Oulf , LuMD 

Between Samar and Masbate 

....do 

Albay Gulf, Luson 

on northern Mindanao, 7.7 miles northwest Macabalan 

Pt. Light. 
Off nortnem Mindanao, 0.7 miles northeast Pt. Tagolo 

Light. 
Off northern Mindanao, 4.5 miles southwest Pt. Tagolo 

Light. 
Between Negros and Siquijor 



Fath- 
omt. 
118 
108 

108 

180 
106 
107 
128 
153 
140 
146 
220 

175 

102 

279 



Dark green 

mud. 
Gray sand, 

mud. 

Sand 

Black sand 

Green mud.... 

Mud 

Green mud.... 
Hard 

Globigerina. . . 

Green mud.... 



59.0 



54.3 
6L3 
63.5 



Remarks. — Anthenoides sarissa Alcock from the Andaman Sea, 180 
to 150 fathoms, is very close to immature cristatus. The subambula- 
cral spine is more prominent than in small cristatus^ however, and 
the secondary abactinal plates are described as inlaid everywhere be- 
tween the large plates, showing perhaps that they are more numerous 
than in cristatus. The figure (Alcock, 1894, pi. 2, fig. 4a), however, 
does not indicate on the ray more than an adradial series. 

A small specimen has a fairly large solitary coral of the genus 
FUbellum partly engulfed. 



ANTHENOmES GRANULOSUS J 

Plate 88, figs. 2, 3 ; plate 94, figs. 4, 4a-&. 
Anthenoides granulosus Fisheb, 1913a, p. 647. 

Diagnosis. — Similar in general appearance to A. epixanthus 
(Fisher) but differing in having much more numerous and coarser 
abactinal and marginal granules; numerous small abactinal and 
actinal intermediate, bivalved pedicellariae; more numerous adam- 
balacral pedicellariae, which are relatively larger; slender, and 
di^Uy more numerous furrow spines, and more numerous oral 
spines. R=79 mm., r=89 mm., R=2 r; breadth of ray at inter- 
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brachium, 43 mm.; disk very large with open, arcuate interbrachia 
and short, tapering, blimtly pointed rays; whole surface overlaid by 
soft membrane, obscuring the underlying plates, especially the abac- 
tinals, which are covered with spaced granules larger than in epia- 
anthvs; marginal plates covered all over with spaced granules, coars- 
est on outer part of plate, and more numerous than in A. epixarUhus; 
no marginal spines; actinal intermediate granules coarse and numer- 
ous; furrow spines slender, compressed, 6 to 9, the adoral end of the 
plate with a large, slender, forcipiform pedicellaria, and 1 to 3 more 
on the actinal surface; subambulacral spines, 1 to 4, according to the 
number of pedicellariae, which they partly replace; oral spines 18 
to 15, with several suboral pedicellariae and numerous suboral 
granules. 

Description. — ^This species so closely resembles A. epixanthw 
(Fisher) of the Hawaiian Islands that the description will be in the 
form of a comparison. The entire animal is overlaid by a soft, 
fairly thick, membrane, obscuring the outlines of the abactinal plates 
(which are arranged as in epixwnthus). The membrane is thrown 
into fine wrinkles and reticulations, partly due to the numerous un- 
equal spaced granules beneath. These granules are much more 
numerous and much larger than in epixanthus and become visible 
when the membrane is partly or wholly dried. They increase in 
size from the center of disk toward the periphery, and the central 
granules of each plate (especially near margin) are larger than the 
peripheral. The number of granules to a plate is between 15 and 20. 
In A> epixanthus the granules are practically microscopic (as in 
A. peircei) uniform in size and scarcely a tenth the size of an average 
granule in granulosus. They are so small that the membrane is 
smooth even when dried, while in granulosus it is very rough. Scat- 
tered over the abactinal plates are numerous small pedicellariae about 
the size of largest granules, with 2 curved truncate jaws as wide as 
high, or wider than high. They resemble split granules. 

Papulae frequently .very dark brown (as in epixanthus)^ con- 
fined to petaloid radial areas, confluent at center of disk. As is 
usual in this genus, there are smaller secondary plates on the proxi- 
mal radial regions. The secondary plates are lobed, and partly or 
wholly surround the carinal, and 1 or 2 parallel series, to either side. 
They extend on each side of the carinal series nearly one-half B, 
while the proximal plates of the same series may be entirely encircled 
by 6 or 8 secondary plates. The secondary plates do not extend very 
far distad on the lateral portions of the area. The primary plates 
become smaller and also incipiently lobed at the center of disk so that 
they are indistinguishable from the secondaries. Over the papular 
areas, even where there are no secondary plates, the primaries are 
roundish or broadly elliptical with 5 or 6 incipient lobes, sometimes 
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reduced to simple facets; but on the outer third of the ray the plates 
may be much wider than long and without any trace of lobing. The 
secondary plates have 3 to 5 very irregular lobes and are not raised 
internally into a keel as in A. oristatus. 

Superomarginal plates (21 or 22 in type) forming a rounded bevel 
ia intertrachia, but on outer third of ray strongly arched, with lateral 
and dorsal surfaces. The plates are usually decidedly wider than 
long, but they vary in this respect, for one specimen (station 5622) 
has the plates of the proximal two-tJiirds of the series as wide as long. 
They differ from the superomarginals of A. epixanthus in having the 
entire surface (except on outer third of ray) covered with coarse 
hemispherical, slightly spaced, granules, those on the border the 
gmaUest The inferomarginals extend slightly beyond the supero- 
marginals and are closely covered with similar granules, which are 
coarsest on the rounded margin of the ray and decrease in size toward 
the inner margin. In epixanthus the inf eromarginal and superomar- 
ginal granules are very much fewer and more spaced. They do not 
cover the whole surface of the plate thickly. On the distal plates the 
granules are fewer and scattered. The outlines of the marginal 
plates and the granules are partly visible without drjdng the speci- 
men. Terminal plate pentagonal to ovoid, as long as broad, or 
broader than long, with 2 stubby terminal spines. The last 3 or 4 
pairs of superomarginals are in contact medially. 

Actinal intermediate plates slightly convex, rather irregular, in 
about 8 chevrons, the series of plates adjacent to the adambulacrals 
extending to the seventh to ninth inferomarginal. . They are closely 
covered with coarse spaced granules, those in the center being much 
coarser than the peripheral. In epixantkus the large granules are 
fewer, and the tiny immersed granules in the majority. Many of the 
plates adjacent to the adambulacrals bear 1 to 3 small 2- jawed pedi- 
oellariae slightly smaller than the heaviest granules and similar in 
form to the abactinal pedicellariae. 

Adambulacral plates slightly longer than wide, with a curved or 
slightly angular furrow margin, or occasionally a nearly straight 
margin, bearing a comb of 6 to 9, usually 7 or 8, slightly divergent, 
slender, tapering, but also compressed, bluntly-pointed furrow spines, 
webbed for half their length. The margin of the comb is curved, 
the mesial spines being the longest and the laterals the shortest. 
At the adoral end of the series there is usually a rather long, slender, 
2-jawed forcipiform pedicellaria, set back slightly, the jaws being 
very narrowly spatulate and about as long or a little longer than 
the adjacent adoral furrow spine. The pedicellaria is larger than the 
homologous pedicellaria of epixanthus. One to 3 similar pedicellariae 
stand on the surface of the plate sometimes in a longitudinal series. 
Two or 3 short, blunt, tubercular unequal spines form a series back 
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le pedicellaria (where these are numerous) or take the pla 
or more of the pedicellariae. When there is only the adoral p« 
ria it replaces the others entirely. On the outer part of t 
>w one of these spines is enlarged (or 2 in a transverse seric 
becomes tapering and pointed, and is conspicuously longer th 
furrow spines. The outer margin of the plate has several n 
I granules. In this species the subambulacral pedicellariae s 
1 more numerous than in epixantkuSy while the furrow spii 
Qore delicate and compressed. 

)uth plate convex actinally as in epixcmthus and other members 
;enus. Marginal spines in a slightly convex series of 13 to 

11 in epixanthua) similar to the adambulacral spines except t 
: 8 which very rapidly increase in size and become compressc 
d-tipped, or tnmcate teeth. The spines are webbed for about hi 

length. Back of the furrow spines is a row of upward of 
^llariae similar to the subambulacral pedicellariae, the rest 
)late being covered with spaced coarse hemispherical or son 
\ acute granules. In small specimens only 1 or 2 pedicellari 
be present, 
idreporic body variable in size, fairly large, nearly flat, irreg 

roundish, situated a little more than i r from center. Stri 
radiating, and branched. 

le gonads are arranged in a series of 6 to 8 tufts on either si 
id parallel to the membraneous interbrachial septa. 
/?«.— Cat No. 80659, U.S.N.M. 

pe-locaUty. -^tBiion 5626, between Gillolo and Eayoa Islanc 
cca Islands, 265 fathoms, gray mud, fine sand; 1 specimen. 
stribution. — ^Molucca Islands, 265 to 288 f athoma 
ecimens exarrdned. — ^Five in addition to the type: Station 66S 
^n Gillolo and Makyan Islands, 275 fathoms, gray mud, 1 spe< 

station 5624, same locality, 288 fathoms, fine sand, mud, 4 spe< 



ANTHENOIDES UTHOSORUS ] 

Plate 89, fig. 2 ; plate 90, fig. 2 ; plate 94, fig. 6, 6a-c. 

nthenoides lithosorus FismcB, 1913a, p. 647. 

ignosis. — Closely related to A. gramdosvs^ but differing in ha 
ixe coarse superomarginal granules confined to the center of plal 
unded by a conspicuous area with only spaced microscop 
ls; abactinal granules fine, subequal, thick on center of disk, b 
ig smaller and more spaced as tJie margin is approached, few' 
in ffrantUoaicSy smaller, and the central granules of the plate n 
r than the others ; superomarginal plates more tumid, the widi 
ining the same to within 4 or 5 plates of end of ray (regular! 
asing in length in granulosua) ; furrow spines 9 or 10 ; oral spin 
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15 or 16. Bc=80 mm., r=44 mm., R=:about 1.8 r. General form 
similar to that of gramilostts but the rays are thicker toward the end 
owing to the heavier saperomarginals, the last 6 or 7 pairs of which 
are in contact medially. 

Description. — ^The abactinal area is overlaid by a thick membrane, 
which in drying allows the small granules to be seen. These are sub- 
I equal and about the size of the smallest granules of grcmulosys. Only 
in the center of the disk are they as numerous as in grwnuloms^ and as 
just indicated they are not larger in the center of tlie plate (which is 
a characteristic of fframUosus). In granuLodus they are numerous all 
over the abactinal area, but in lUhoaorm they are closely placed only 
on the center of the disk, becoming more and more widely spaced as 
the margin is approached and on the outer part of ray are scarce. 
Scattered over the papular areas (which are as in gramdosua) are 
numerous tiny pedicellariae similar to those of granulows^ but larger 
tiian the granules (since the granules are very small). 

Superomarginals 18, massive and tumid, keeping their width 
(which exceeds the length) up to about the twelfth to fourteenth 
plates, and from that point gradually narrowing. As a consequence 
the rays are distally wider than in graivulosusj in which the plates 
narrow gradually from the base of the ray. The first 7 plates have 
a central group of coarse hemispherical granules, which in a dried 
specimen, remind one of little heaps of stones. The first plate has 
about 24 granules and the seventh 5 or 6. The outer plates have 
only the microscopic granules such as surround the coarse proximal 
liranules. These are invisible until the specimen is dried. Terminal 
plate pentagonal about as wide as long, with the scars of 5 terminal 
spines. Inferomarginals encroaching conspicuously upon actinal 
area and extending interradially slightly beyond the superomar- 
ginala They decrease regularly in width and become rather more 
tomid as the end of the ray is approached. The first 10 are covered 
with coarse granules which decrease in size from the edge of ray 
toward inner margin of the plate. The ninth to eleventh plates have 
a rapidly decreasing number of granules, the remaining plates, as 
well as a widening space along the upper margin of the first eleven, 
being occupied by the minute grains referred to above. 

Actinal intermediate plates distinctly tumid with 3 to 10 unequal, 
coarse, hemispherical granules surrounded by 10 to 20 spaced, much 
smaller ones, very much as in graniUostcSj except that toward the 
margin the small granules are fewer and smaller than the corre- 
sponding ones in granulosus; hence there is more discrepancy in 
size between the 2 kinds. The plate adjacent to the adambulacrals 
and a few others have upward of 6, usually 1 to 4, small, 2-]awed 
pedicellariae similar to those of granulosus. 
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mbulacral armature similar to that of granulosus but th( 
;o 10 furrow spines instead of 7 or 8. Two to 4 forcipifoi 
lariae monopolize the surface of the plate, except for a f( 
es and a short pointed spine or two in place of pedicellarii 
5 outer third of ray there is a well-developed pointed si 
icral spine, sometimes with a small companion, and usual 
pedicellaria just back of the proximal furrow spine. Moi 
similar to those of granulosus^ with 15 or 16 marginal spin 
Y well developed pointed suboral spine near the inner end 
site, 5 or 6 scattered pedicellariae and rather widely spac 
es, the 5 or 6 nearest the median suture being largest, 
xeporic body flat, circular, with radiating branched striae, 
e.— Cat. No. 30560, U.S.N.M. 

3'locality. — Station 6301, China Sea, vicinity of Hongko 
0° 37' N.; long. 116^ 48' E.), 208 fathoms, gray mud, san 
I temperature 50.5® F. 

arks. — ^This species differs from A. cristatus and A, saru 

absence of inferomarginal spines, and in having much coan 

marginal granules, heavier marginals, shorter rays, thiol 

lal integument, more numerous actinal intermediate granul 

numerous other details of armature. It differs from A. ep'i 

in having coarser and more numerous abactinal granul 

3US abactinal and actinal intermediate pedicellariae, mc 

Dus and slenderer furrow spines and oral spines, more co 

placed superomarginal granules (which, however, in «pi 

form a central, though sparser, group), heavier superomi 

distally and numerous subambulacral forcipiform pedic 

The abactinal granulation and pedicellariae will alone sc 

;he two species, the granules of epixaMhus being microsco] 

ry widely spaced, and the bivalved granuliform pedicellari 

ibsent. 

ANTHENOmSS BUGULOSU8 Ftoli«r. 

late 85, fig. 4 ; plate 88, flg. 4 ; plate 90, fig. 1 ; plate 94, figs. 5, 5a-&. 

Ihenoides rugulosus Fisher, 1913a, p. 648. 

nosis. — Differing from A. granulosus in having longer, slendei 
larrower marginal plates, rather more numerous and smal 
m abactinal granules, a fine superomarginal granulation (exc( 
iw central coarse hemispherical granules on the proximal plate 
ore elevated, pincer-shaped abactinal pedicellariae. R=l 
=47 mm., R=2.6+r; breadth of ray at first superomargb 
I. Disk large, rays distally narrow, tapering arcuately fn 
nterbrachia; disk more or less inflated; whole body overls 
K)th, rather thick, soft skin, minutely wrinkled on the abactii 
ttd covering a fine, close, uniform granulation; small force] 
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shaped, abactinal pedicellariae; superomarginal plates smooth, the 
membrane covering fine, spaced granules, and on the proximal plates 
a few scattered ooarse central granules; superomarginals of middle 
region of ray in large specimens longer than wide; actinal inter- 
radial areas variable, usually fairly smooth, the plates with central, 
enlarged, hemispherical granules, as in grawulosm; the plates adja- 
cent to adambulacrals with a variable number of forcipiform or 
spatulate, lower, pedicellariae; furrow spines compressed, usually 7 or 
8 proximally, varying to 6 to 9, the armature in general similar tp 
that of A. grcmalosus; oral spines, 14 or 15. 

Description. — Abactinal membrane fairly thick, about as in epixan- 
this and granulosus, and marked by myriads of fine interlacing 
wrinkles, partly due to the underlying granules. In some specimens 
the niembrane has a minutely warty appearance. Even when dried 
the outlines of the plates are difficult to make out, although their 
contours are somewhat indicated by the papular pores. The ab- 
actinal area is covered uniformly with tiny spaced spinif orm granules 
which are often a little higher than wide. One is reminded more 
of very short spinelets than of the rounded, hemispherical granules 
of A. granulosus. They are subequal, about the size of the inter- 
mediate granules of granulosus, and are more closely placed, there 
being 46 or 60 on an average carinal plate. They are larger than 
the granules of litJiosorus and, unlike them, they do not become widely 
spaced toward the edge of the area. Scattered over the abactinal 
area are numerous small 2-jawed pedicellariae, higher «than in granu- 
loses. In the type they have 2 slender, slightly spatulate jaws, very 
similar to the abactinal pedicellariae of cristatus, as figured by Sla- 
den, while in other specimens (as from station 6122) the jaws are 
truncate and only 1.6 to 2 times as high as broad, and hence having 
somewhat the same variations as in cristatus. Still other examples 
have the jaws spatulate and intermediate between the slender forceps 
and the lower bivalve forms. These pedicellariae are not covered by 
the membrane. Papulae are found all over the disk except a narrow 
interradial streak, and are absent from a small portion of the end 
of the ray. 

The relation between the primary and secondary abactinal plates 
is as in ^. granulosus. On the proximal portion of the radial areas 
the small, irregular plates surround the carinal plates, and the plates 
of one or more longitudinal series on either side. They gradually 
become restricted to either side of the carinal series near the middle 
of B. Beyond about the middle of B there are no secondary plates. 
The primary plates usually have 6 short lobes or far along ray, are 
roundish without very evident lobes. On the central part of the 
disk the lobing is irregular, and near the margin the plates are 
irregolarly 4-lobed or 4-sided. 
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Superomarginals, 80 in the type, are not at all tumid, and form 
ghtly arched bevel, the first 5 or 6 slightly wider than long; tl 
;ceeding 12 to 14, longer than wide ; and the remainder gradual! 
coming wider than long. They decrease very gradually in widt] 
espective of the changing length, and are covered with space 
nute granules, with 5 or 6 spaced coarse hemispherical granuli 
the center of the first 4 or 5 plates. These are the only granuli 
it show through the membrane, as a rule, although there is varii 
n in this respect. Usually the plates feel smooth to the toucl 
» granules not being so evident as in granulosu8 or UtJiosoTM 
is is particularly true of the medium-sized and small specimen 
some of the largest specimens the proximal plates have 1 or 
all spatulate 2-jawed pedicellariae, but these are present in le 
m half of the specimens. Terminal plate pentagonal from aboT 
bh 5 terminal spines. 

[nferomarginals extending laterally slightly beyond the super 
rginals, the actinal face wider than long at base of ray, gradual 
joming longer than wide at the middle. They are covered wil 
iced, rather unequal, granules coarsest on the margin (and the 
)ut as large as the largest superomarginal granules), decreasii 
size toward the inner margin of plate. The plates are narrowi 
m in litho8oru8^ but the granules are of nearly the same relatr 
s, perhaps a little smaller. 

The actinal intermediate plates extend to the twelfth inferoma 
lal or a little over half the length of ray in large specimens, ai 
\ covered with spaced, coarse, hemispherical granules, 3 to 10 i 
\ center being the largest, and the others of several smaller size 
in granvlo8U8 and lithoaorua. A variable number of proxim 
ites of the series adjacent to the adambulacrals bear 1 or 2, < 
lasionally as many as 6 forcipiform pedicellariae. In this ty] 
se are very few, but a specimen from station 5260 has man 
nae examples (as station 5501) have the pedicellariae intermedia 
ween the bivalved and forcipiform types, just as the abactin 
licellariae vary. In the example from station 5260 the granul 
the inner chevron of plates tend to become pointed and spinifon 
the large and small alcoholic specimens the outlines of the actin 
ermediate plates are usually visible, but not in the medium-siz( 
tmples where, also, the central granules are less prominent thf 
the largest specimens. In the latter, the central granules appei 
spaced clusters overlaid by membrane, the smaller granules beii 
onspicuous or invisible until dried. 

Ldambulacral plates similar to those of granvloavs but more vai 
e as regards the subambulacral armature. Fun^ow spines stou 
ipressed, of nearly uniform width when viewed from above, bi 
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tapering as regards the other dimensions to a rounded, chisel-like 
point in the t3rpe. They vary a good deal in form. They are gener- 
ally 4-sided, the transverse diameter being greater than the longi- 
tudinal (as regards axis of ray). The type has proximally 7 or 8, 
wd on Hie outer part of the ray 6- or 7 spines forming a basally 
irebbed, palmate series with a convex distal margin. The number 
raries to 6 or 7 and 8 or 9 spines proximally in different specimens, 
it the adoral end of the series is a slender sessile f orcipif orm pedi- 
Kllaria as long or nearly as long as the adjacent adoral spine. The 
pedicellaria viewed from the side has a lanceolate contour and its 
form is best appreciated from the figure. In the type there are proxi- 
tnally 2 or 3 coarse, tapering, subcorneal bluntly pointed, sometimes 
Battened spines, mucli heavier but shorter than the furrow spines, 
md forming a longitudinal series. On the outer part of the ray there 
is 1, or sometimes 2, in a transverse series, varying from blunt clavate 
to tapering and pointed. At rare intervals a pedicellaria takes the 
place of a spine. On the proximal half of the furrow, however, it is 
more usual to have 1 to 8 prominent f orcipif orm subambulacral pedi- 
cellariae either grouped, scattered, or forming a longitudinal series 
with the nearly constant adoral pedicellaria near the furrow. A few 
unequal, prominent, conical granules are present, sometimes standing 
in line with the 1 or more pediceUariae, while the outer part of the 
plate, as in the type, is occupied by small spaced, sometimes spinuli- 
f orm, granules. 

Mouth plates convex actinaUy, with 14 or 15 marginal spines^ the 
inner 4 or 5 rather rapidly enlarging and becoming strongly com- 
pressed and leaf -like. The type has 6 to 9 suboral tubercles, scat- 
tered granules, and a pedicellaria. Most of the specimens have only 
2 or 3 tubercles and 2 to 6 pedicellariae, in addition to spaced gran- 
ules. The suboral armature is very variable. 

Madreporic body similar to that of granulosus^ subcircular, fairly 
large, with dichotomously branching, radiating ridges, separated by 
fine slightly sinuous striae. 

Anatondccd notes. — ^The intestinal coecum is practically as in 
A. cristatus. There are 5 slender, interradial bifurcate sacs, the dis- 
tal divisions passing on either side of the membraneous interbrachial 
aeptum, to which they are firmly attached. The intestine is very 
short and slightly eccentric. The gonads are arranged in a compact 
series of about 10 tufts on either side of and parallel to the inter- 
brachial septum, and extending from about i r from center to within 
about 10 mm. of the marginal plates. 

Type.— Cfit. No. 80561, U.S.N.M. 

ry/?«-fo{?aK^y.— Station 6121, 9 miles southeast of Malabrigo Light, 
east coast of Mindoro, 108 fathoms, dark green mud; 1 specimen. 
13434— Bull. 100-19 ^23 
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'stribution. — ^East coast of Mindoro to the Mindanao Sea, 214 
fathoms, green mud and ooze; temperature range, 61.4° 
F. 

>ecimens examined. — In addition to the type, 13 from the f< 
[ig localities : 

Specimens of Anthenoides rugtilosus examined. 




Depth. 



Nature of bot- 


Num- 


tom. 


ber. 




1 


do 


1 


Qreen mud. 


1 


sand. 




Fine gray sand 


3 


and mad 




Green mud... 


5 


Qlobigerina 


1 


ooxe. 




Green mud.... 


1 



Bott 
tern; 
fttoi 



51. 
54. 



53. 
S3. 



53. 



20 mOes southeast Malabrigo Light, east coast of MIn- 

doro. 
10 miles northwest Baliscasag Island, western Bohol ... 
Off southeastern Mindoro 



8 miles northwest Macabalan Point Light, Mindanao.., 

6.6 miles northwest Macabalan Point Light, Mindanao. . 
Between SiquiJ or and Bohol Islands 



Falh- 
onu. 
220 

220 
234 

214 

226 



Between Negros Slquij or Islands 279 



marks. — ^This species is readily distinguished from A. gran 
by its decidedly longer, slenderer rays, narrower superma 
plates, and the uniform, rather close, and finer granulati< 
: the smoothish abactinal membrane. In granulosus the gra 
)f the superomarginal plates are coarse, distributed all over tl 
> and show through the membrane, causing the plates to fe 
I in alcoholic specimens. In rugvlosus the granules are fine, li] 
of the abactinal plates, and only a few central enlarged gra: 
)n the first 5 or 6 plates show through the membrane. As 
, the superomarginals (with the exception of the central pa 
e first few plates) are smooth in undried specimens. Tl 
Lnal pedicellariae are forceps-shaped and like those of A. cri 
A characteristic of graniUosics is the larger size of the centr 
lies of each abactinal plate ; in rugulosus it is to be emphasize 
:he granules are subequal. A. Utkoaorvs differs in having tl 
btial granules very numerous in the center of disk, becomir 
Br and much sparser toward the margin; in having wider ar 
tumid superomarginals, which maintain their width to net 
id of the ray; in having a coarser actinal granulation, coar« 
^marginal granules on central part of the proximal plates an 
finer, sparser granulation elsewhere; and in having 9 or 1 
w spines. 

Genus .4TELORIAS Fishor. 
elorias Fishkb, 1911c, p. 424. Type, AteloriaB anacanthus Fisher. 

gnosis. — ^Groniasteridae with unequal marginals, the superoma] 
; the larger, conspicuously •overhanging the inf eromarginai 
arming an angular margin to disk and rays; with all the plat< 
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granulate and covered with thin soft membrane, leaving each plate 
distinct; abactinal plates, not elevated, flattish; nmnerous, extending 
to tip of ray; papulae in radial petaloid areas; adambulacrals with 
an angular furrow series of rather short, stout, spinelets and sub- 
ambulacral granules, actinal interradial areas large; disk large and 
thin, rays slender. Entrenched small upright two-jawed pediccl- 
lariae on abactinal, marginal, actinal intermediate, and adambula- 
cral plates. No specialized spines; the furrow spinelets the only ones 
present. 

ATELORUS ANACAMTHCS Ftaher. 

Plate 73, fig. 2; plate 74, fig. 8; plate 86, fig. 8; plate 94, figs. 8, 8a-&. 
Atelorias anacanthua Fishes, 1911, p. 424. 

Diagnosis. — Rays 5. R=205 mm., r=43 mm., E=4:.76 r; breadth 
of ray at mid interbrachium, 53 mm., at middle of R, 14 mm. Disk 
large, thin, with wide interbrachial arcs. Rays very long, slender, 
thin, with an angular margin formed entirely of superomarginal 
plates. No specialized spines: all plates covered with hemispherical 
granules overlaid by a thin membrane which partly or wholly, ob- 
scures them and fills up the interstices, but which leaves the outlines 
of plates distinct; small excavate pedicellariae with two jaws slightly 
higher than wide, and usually with depressions in the membrane 
into which they fit when open, are present on plates of both surfaces ; 
adambulacral plates with angular furrow margin bearing proximally 
10 to 12 and distally 6 to 9 rather short stout spinelets; no subambu- 
lacral spines, but numerous immersed granules. 

Description. — Abactinal plates numerous, crowded, very slightly 
convex or flat, hexagonal on papular areas, but elsewhere irregu- 
larly hexagonal, pentagonal, squarish, or roundish, and reaching ter- 
minal plates. They are not at all tabulate but are sunken in the 
abactinal integument nearly flush with the surface. On the proximal 
part of the radial areas a carinal series and about two parallel series 
on each side can be made out, but elsewhere the plates are not regu- 
larly arranged. They are much smaller on the interradial areas and 
center of disk than on the radial areas, and they decrease in size 
distad, only a single series reaching the terminal plate. On the 
outer part of the ray the outlines of the plates are very indistinct. 
Papulae 6 to 8 about each plate, and inconspicuous, extending only 
about a fifth the length of ray measured from the interradius. All 
plates covered with rather small hemispherical granules, overlaid by 
soft membrane, a rather large carinal plate having 30 to 40. In 
addition most of the plates bear also a small upright pedicellaria 
with tapering spatulate jaws, often narrow distally, and a. little 
higher than the width of the base. The granules are quite indistinct 
and normally are entirely covered by the membrane. On some of 
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le plates of the papular areas the granules are visible, but over a 
le interradial areas they can not be seen, although the skin is pitU 
»mewhat over the interspaces between the granules. When tl 
embrane is partially, dried the granules become visible. In th 
ft membrane the pedicellariae have depressions for the opene 
ws. 

When the abactinal integument is cleared, and viewed from tl 
elomic side the plates are seen to be spaced. In form they are m 

all imiform, varying from irregularly roundish to lozenge < 
Lipical, and the inner end is convex. The outer end flares, beii 
rger than the inner, and of the various forms mentioned above. 
Superomarginals, about 80 to a ray, are dorsally conspicuous 
idee than long, and form a beveled margin, sometimes a trii 
ched, to the abactinal surface. They encroach upon the actin 
rf ace about one-half as far as upon the abactinal, and thus form tl 
argin of ray. The convexity of the lateral angle of each pla 
uses the margin of the ray to appear scalloped, except near the e 
Bmity. The plates are closely covered with small granules, simili 

those of the abactinal plates, overlaid by soft membrane, so th 
ey are very indistinct, or even invisible. On the proximal half < 
e ray the dorsal surface of the superomarginals bears 2, or rare 
small pedicellariae, similar to those of the abactinal plates, whi 
e ventral surface bears 1 ; the dorsal surface of the plates of tl 
stal half of ray bears one such pedicellaria. 
Inferomarginals very slightly convex proximally, corresponding 
peromarginals, but along the middle i-cgion of ray not exact 
rresponding. First 10 plates slightly wider than long, gradual 
coming slightly longer than wide over most of the ray. On tl 
ter fourth of ray the inferomarginals are only a trifle larger thi 
e adambulacrals. The plates are entirely confined to the actin 
rface and beyond the interbrachium are only a little wider thj 
e ventral facet of the superomarginals — that part which exteni 
berally beyond the ventral series. Over a little more than t] 
oximal half of the ray the plates bear, near the outer margin, 
lall 2- jawed spatulate pedicellaria, and rarely a second elsewhe 

the plate. When the animal is viewed from the oral side 3 seri 

plates occupy the entire width of the surface between the furrc 
d ambitus, on the outer half of the ray — ^the adambulacral, infer 
irginal, and superomarginal series, the first and last of about tl 
me width, the inferomarginals slightly the widest The granul 
crease slightly in size from the outer toward the inner margin ai 
e immersed in membrane, with often the tips protruding. 
Actinal interradial areas extensive with numerous irreguli 
ghtly convex plates, without regularity of arrangement, and e 
iding in a single leries nearly half the length of ray, a secoi 
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series reaching a little over a fifth. The plates are closely covered 
with small granules immersed in membrane, the tips of the granules 
often protruding slightly from the membrane or visible yet covered 
fay membrane. In the former case the granules appear to be em- 
bedded in a matrix. A majority of the plates bear 1, sometimes 2 
or 8, small spatulate entrenched pedicellariae. 

Adambulacnd plates slightly longer than wide, with an angular 
furrow margin, the 2 facets of the apophysis being somewhat var- 
able in length, but the distal always the longer and slightly concave 
as in NympJioster. Spinelets proximally 10 to 12, distally 6 to 9, 
rather short, stout, round tipped or truncate, in a crowded series, 
the longest on the angle, and compressed in a plane transverse to 
the plate, the others gradually shortening slightly and with flat side 
to furrow, Actinal surface of plates slightly convex, covered with 
20 to 35 granules immersed in membrane. Near or at the inner 
adoral comer of the plate there is usually a pedicellaria with 2 to 4 
variable granuliform jaws. There is no enlarged subambulacral 
spine on the distal plates. On the outer part of the ray the apophyses 
of opposite plates tend to meet in the middle of tiiie furrow and 
to segregate consecutive pairs of tube feet. 

Mouth plates very slightly convex, coarsely granulate, the granules 
being conspicuous; marginal spinlets 16 to 19, robust, increasing in 
size toward the inner angle, where the spinelets are very strongly 
compressed, broad, and leaflike. The furrow surface of each plate 
has a shallow vertical depression for the first tube feet. 

Madreporic body one-third minor radius from center; ridges 
coarse, radiating. 

Anatomical notes, — Gonads are arranged in a short series nearly 
parallel with the radms and 7 or 8 mm. therefrom. There are 6 or 7 
closely placed tufts in the series examined, and it extends only about 
10 mm. The coelomic sacs leave a slight interradial area ventrally 
and adjacent to margin, lined with very fine fibrous tissue, which 
more or less occludes the cavity. Tube feet with conspicuous sucking 
disks. 

Typ^.— Cat. No. 28659, U.S.N.M. 

Type-locdlUy.—^iA^on 6656, Gulf of Boni, Celebes, 608 fathoms, 
gray mud, fine sand, bottom temperature 89.2^ F. ; 1 specimen. 

Distribution. — ^East coast of Luzon, and the Gulf of Boni, Celebes, 
565 to 608 fathoms, green or gray mud. 

Specimens examined. — ^In addition to type, a badly mutilated 
specimen from station 5460, Lagonoy Gulf, east coast of Luzon, 
565 fathoms, green mud. 

Remarks. — ^This curious species is notable for the development of 
the snperomarginal plates at the expense of the inferomarginals. 
The former define the ambitus, and when the specimen is viewed from 
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the ventral surface of the superomarginals forms a narrow 
r outside the inferomarginals. The presence of a more or less 

membrane covering the granular investment suggests an alii 
)i this form with Anthenoidea. An important difference is th( 
hat in Anthenoidea and SteUaster the membrane covers th( 
1 withoyt reference to the underlying plates, while in Atdarim 
)late is distinct, the membrane not overlying the sutures. 

Family OREASTERIDAE Fisher. 

eaateridae Fisheb, Wild, p. 18 {—Pentacerotiiae, untenable). 

Genus OREASTER Miiller and Troschel. 

ewter MttixEB and Tbosghel, 1842» p. 44. 

ntaceros Schulze, Betrachtung der verstelnerten Seesterne u. Ihre 

Cheile, 1760, p. 50 (not binomial). Many authors. 

KEY TO SPECIES HEREIN BBCOBDED. 

marginal spines or tubercles ; a radial series of very large acorn-shapei 
iberdes, the primary radial the largest; tubercles with flat, polygonal 
*anules larger than tfie other abactlnal granules, and usually with i 
ibglobose or conical, bare, knob at summit. In addition to radia 

ibercles, others are sometimes present interradially nodosus, p. 34C 

ninent distal superomarginal and inferomarginal spines, and usually i 
!W small Inferomarginal spines in interbrachia ; abactlnal spines ver; 
rominent, conical, heavy, and granular (the granules not larger thai 
iiers), with a prominent bare conical sharp tip; these spines an 
enderer and higher (as a rule) than those of nodo8U8 and occur radially 
terradially, and usually within apical area alveolatus, p. 34f 

OREASTEB NODOSUS (Unaaeiu). 

Plate 102, fig. 2. 

terias nodosa Linnaeus, Syst. Nat, ed. 1758, p. 661. 

master nodosus Bell, 1884, p. 70.— Clark, 1908, p. 280. 

ntaceros turritus Pebsieb, 1875, p. 240 (which see for earlier synonymj 

Figured by Gray, 1896, pis. 9 and 10, under names PerUaceros modestit 

and P. franklinii). 

68 on Philipphie specimens. — ^The specimens vary considerabl] 
number and form of the large acorn-shaped tubercles of th 
1 ridge, as already recorded by Clark.^ In most cases th 
les are higher than the breadth at base and are capped by i 
or pointed tip free from granules. Seven specimens have tb 
le in the center of disk. The maximum number of tubercle 
sent in specimens from station 5254, where there are 150 in i 
1 specimen and 69 in another, having in addition to the abovi 
rsal tubercles about 28 smaller superomarginal ones. Th< 
le is not always terminated by a blunt or short spine, whicl 
:ing in most of the Pangasinan Island examples. In these th 

^ See Clark, 1908, p. 280, for yariatlonB of specimens from New Guinea. 



Digitized by LjOOQ IC 



STABVIBHES OF iHSLE PHILIPPINE SEAS. 347 

tubercles are covered with granules, which are variable in size, some- 
times smaller than at the base, sometimes larger. A few of the 
tubercles in these specimens may have a blmit spine. The largest 
primary radial tubercles may terminate in 2 or 8 points. The num- 
ber of pedicellariae is very variable. They may be very numerous 
on the dorsal surface or fairly scarce. Their form is also variable; 
usually the abactinal pedicellariae have slender upright jaws, con- 
siderably longer than wide. But in examples from Burias Island 
the pedicellariae are few and low, with the jaws as low as or lower 
than broad. 

The furrow spines vary from 6 to 8. The subambularcral spines 
are usually 8 in number, much heavier than the furrow spines, and 
grooved or eroded at the tip (as well as down the sides in many 
large examples). The subambulacral pedicellaria is adoral to the 
subambulacral spines and between them and the adoral furrow spine. 
Sometimes this pedicellaria is as long as the median furrow spines, 
but is ordinarily a little shorter. 

One specimen has 4 normal rays and 2 short ones. A specimen 
from Burias Island has lost all the abacunal tubercles, the scars 
where they were broken oflF or torn out are very distinct. Other, 
specimens have lost 1 or more tubercles by accident, the wound hav- 
iog healed. 

The most curious variation is exhibited by a specmien from station 
5254. which agrees with 2 other examples from that station in all 
essential respects except the possession of from 1 to 4 superomarginal 
tubercles on each side of the rays (28 in all). These tubercles are 
smaller than the dorsal ones. It is possible that this specimen is a 
hybrid of 0. nodosus and 0. alveolattis^ a specimen of the latter 
having been taken in the same haul. The dorsal tubercles are quite 
typical of nodosua and not of dlveolatua. 

It is worthy of note that a series of very small intermarginal 
plates (4 to 6 to each interbrachium) is present, but completely hid- 
den by granules (see Pentaceropsis) , 

Distribution. — ^Region of the Indian Ocean, East India Islands 
(north to Luzon), thence to New Caledonia, in the Pacific. 

Specimens examined, — ^Thirty-four, ir'om the following localities: 

San Pascual, Burias Island (oflf Luzon), tide pool on sand, flat, 
6 specimens. 

Papatag Island, Tawi Tawi Group, Sulu Archipelago, shore, 3 
specimens. 

Tataan Pass, Simaluc Island, Tawi Tawi Group, shore, 1 specimen. 

Cagayan de Jolo, 1 specimen. 

Pangasinan Island, Jolo, reef, 14 specimens. 

Pandanon Island, between Cebu and Bohol, coral sand, 1 specimen. 

Reef off Cebu, 2 specimens. 
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tation 6264, Gulf of Davao, Mindanao, 21 fathoms, sand, coral, 

^imens. 

hilippine Islands, Dr. E. A. Meams, 3 speciinens. 

ORBASTER ALTEOLATUS (Pwrter). 

Plate 101, fig. 1. 

Pentaoeros alveolatus Pkbbieb, 1876, p. 24S. — Kobhleb, 1910a, p. 96, pi. : 

fig. 1; pL 14, fig. 7. 
Oreaster alveolatuM Bell, 1884, p. 78. 

^otes on Philippine specimens. — ^In 2 specimens (stations 621 
6141) the spines are absent from the interradial region of tl 
sal surface; in the others there are trom 6 to 10 spines in ea< 
irbrachial area, in addition to those of the midradial line ai 
jal area. The spines are for the most part very prominei 
iderer than the tubercles of 0. nodosus^ and upward of 20 mm. 
fth. The granules tire absent, as a rule, from the tip, which 
ical and sharp. Those covering the lower part of the spine a 
ttle larger than the granules covering the plates, crowded, fli 
polygonal. In the largest example, having R=170 mr 
)f the 6 primary radial spines are double, and there a 
spines within the apical area. In all the specimens i 
^brachial inferomarginal spines are poorly developed, and 
example from station 6141 there is only a single small tuberc 
i interradii, but 2 to 4 prominent inferomarginal spines at tl 
of the ray. The superomarginal spines are usually very pron 
t, especially in a specimen from station 6146, where there a 
i^ard of 14 on either side of each ray, most of them ending in 
e, conical sharp point. In 2 interbrachia there is a single supei 
rginal spine. This specimen has 8 to 6 interbrachial infei 
rginal small, blunt, tuberculate spines. The trabeculae separatii 
papular areas are well marked, except sometimes the transver 
s of the series of areas just above the superomarginals, where tl 
Eis may be partly confluent. Along either side of the ray, whii 
aturally high, are 8 weU-marked lines of papular areas, with 1 
Iditional for a very short distance at the base of ray. The uppc 
3t series may be subdivided into 2 series of alternating triangul 
as, while the areas of the 2 lower series are rectangular, elliptic 
irregular. 

n addition to long, low, bivalved, slit-like pedicellariae on i 
^eculae, there is a very variable number of small upright force 
iceUariae on the papular areas. The jaws of these vary in heig 
tn about the length of the surrounding granules (Jolo) whi 
subconical or convex, to twice the length (stations 6149, 5254) 
ttle over. 



Digitized by V^OOQ IC 



6TAKPI8HE8 OF THE PHILIPPINE &EAB. 349 

A specimen from station 5141 has numerous much larger pedicel- 
lariae with slender, curved, spatulate jaws about 4 times as high 
as the granules. These are on the papular areas whUe the usual slit- 
like form occupies the trabeculae. 

The adambulacral armature does not agree with the description 
of Perrier. There as 7 or 8 furrow spines (5 or 6 in the type), but 
in B^ specimen from station 5254, 9 or 10. ' Subambulacral spines 2 
or 3, heavy, with wrinkled tips. External to these is a second series 
of 2 or 3 shorter spines, or rather enlarged granules, likewise with 
slightly wrinkled tips. Perrier speaks of but 1 series of subambu- 
lacral spines. These specimens are really triplacanthid according to 
Bell's classification. The granules of the actinal surface are very 
unequal in size, some of them being fairly tuberculate. 

A young example with R=23 mm. has developed low primary ra- 
dial spines, several superomarginal spines, and upward of 5 supero- 
marginal spines at the end of ray only. The disk is low and the 
general appearance goniasterid. A slightly larger specimen has 
developed a few additional lophial spines. Furrow spines 5 or 6; 
usually 2 subambulacral spines. 

Four to 6 small intermarginal plates are present in each inter- 
brachium. The largest can sometimes be detected, but the smallest 
are obscured by the granules. 

Type-loedlity. — ^New Caledonia. 

Distribution. — New Caledonia and Philippine Islands. 

Specimens exammed. — ^Nine : 

Jolo Market, Jolo; 1 specimen. 

Station 5136, off Jolo Light, Jolo, 22 fathoms, sand, shells; 1 
specimen. 

Station 5141, off Jolo light, Jolo, 29 fathoms, coral sand; 1 
specimen. 

Station 5146, off Sulade Island, vicinity of Jolo, 24 fathoms, coral 
sand, shells; 1 specimen. 

Station 5149, near Sirun Island, vicinity of Siasi, Sulu Archi- 
pelago, 10 fathoms, coral, shells; 1 specimen. 

Station 5165, near Observation Island, Tawi Tawi Group, Sulu 
Archipelago, 9 fathoms, coral; 1 specimen (young). 

Station 5253, off Linao Point, Gulf of Davao, Mindanao, 28 
fathoms coral; 1 specimen (young). 

Station 5254, same locality and depth ; 1 specimen. 

Mansalay Bay, southeast Mindoro, 5 to 10 fathoms, 1 young. 

Remarks. — ^This species seems to have been known previously only 
from New Caledonia, where it has a near relative, O. novae-cole' 
dordae (Koehler). It is nearest 0. linckiij to which none of the 
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VS8 specimens appear to be referable. It is especially cha 
ed by the very prominent, often sharp dorsal spines, togeth( 
ipero- and inferomarginal spines. 

Genus PENTACEROPSIS Sladen. 

\taceropsis Sladen, 1889, p. 350. Type, P. ohtumta [=A8ter%as oht 
sata Bory de Saint Vincent]. 

PBNTACEBOPSIS TYLODEBMA Fisher. 

te 94, figs. 8, Sor-b ; plate 97, fig. 1 ; plate 98, fig. 2 ; plate 100, fig. 1. 
taceropsis tyloderma Fisher, 1918c, p. 209. 

nosis. — DiflFering from P. ohtusata in having one series < 
)ulacral spines, in lacking inferomarginal tubercles, except c 
t few plates, in having less prominent distal superomargina 
t smooth tubercles, and very much smaller granules amor 
pulae than on the convex plates. R=94 mm., r=49 mn 
r; breadth of ray at base, 44 to 54 mm. Disk inflated, ra] 
, much lower than disk; actinal surface subplane; inte 
l1 arcs well rounded ; rays broad, tapering little imtil near i\ 
lich is rounded. 

ription. — Abactinal surface of disk convex or inflated, aboi 
high as width of ray at base. No true spines anywhere e: 
a the adambulacral and mouth plates. Abactinal surfa< 
with plates of about 3 sizes, but only 2 of these are evidei 
illy, because the small ossicles which fill in the spaces betwee 
ge plates are covered with granules. First the appearance c 
-ctinal surface before the removal of granules : There is a n< 
gular carinal series of about 12 convex, transversely elliptici 
starting with the primary radial, spaced about one-fourth t 
f their longer diameter, which varies from 4 to 7 mm. B^ 
this and the superomarginal series are 3 others, not at a 
', spaced, convex, decreasing in size toward the margin, tl 
d plates being transversely elliptical, the others irregularl 
>h. Two dorsolateral series reach the end of the ray, th 
xtends about two-thirds or three-fourths the length of ra^ 
n the interbrachial arcs are 2 additional series, the plat< 
ather small and of secondary size. These primary plates ai 
I with close-set, flat, or very faintly convex polygonal grar 
hich increase very rapidly in size from the margin towar 
ter, where 1 to several are conspicuously larger than the res 
ghtly more convex. The plates of second size are widel 
unequal, and, except near the ambitus, are conspicuousl 
than the primary plates. They are most numerous on th 
id proximal portion of ray, rather few on the outer part o 
'hey are convex, and usually bear a relatively large hemi 
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spherical tubercle, very much larger. than the granules siirround- 
mg it. 

Between the primary and secondary plates the integument is 
thickly beset with very small, unequal, convex, subcorneal, or even 
spinuliform granules, largest on the center of the small intercalary 
ossicles and smallest on the margin of the papular pores. Small 
pedicellariae with spatulate jaws slightly higher than wide, or some- 
times wider than high are scattered among the granules, which they 
exceed little or not at all in size. Papular pores, rather evenly dis- 
tributed, occupy all this granular area among the primary and sec- 
ondary plates, even to the tip of ray, and likewise between angular 
dorsal extensions of the superomarginal plates. There is no subdi- 
vision into areas. 

If a {)ortion of the dorsal surface is cleared of granules the primary 
plates are seen to have a scalloped or crenulate margin best marked 
on the radial series. The secondary plates also usually have 5 to 7 
short lobes or indentations on the margin. The intercalary ossifies 
are of various sizes and forms, often elongate and do not extend to 
the coelomic side of the body wall. The smaller the ossicle, the more 
superficial it is. The body wall is very thick (6 or 6 mm.). Only 
the primary and secondary plates form its entire thickness. Viewed 
from the coelomic side the plates form regular series in quincunx. 
The primary plates have, on either side, 2 elliptical slender ossicles 
which bind each to 2 plates on that side. The plates are subequal 
and transversely elongate as viewed from the inner side, but the 
superficial end of alternate plates (or sometimes 2 together) may be 
of only secondary size, or even be obscured by the intercalary gran- 
ules. Such are the secondary plates which form longitudinal series 
with the primary plates. The secondary plates, which are between 
the longitudinal series, abut against the small connecting ossicles of 
the coelomic side, so that their inner ends are not seen, being obscured 
or covered by these lateral connecting ossicles. 

The arrangement of the abactinal plates is similar to that in the 
genus Asterodiscus^ and unlike that of Oreaster, 

Ambitus bounded by superomarginals, the inferomarginals being 
actinal. Superomarginals 16 to 18, wider than long, convex, unequal, 
and triangular in general form, the apex dorsal. The largest plates 
are near the middle of ray, whence they decrease in size toward 
either end of the series. The largest are about 7 mm. wide by 4 
long, and are covered by polygonal granules similar to those of the 
dorsal primary plates, largest in center and decreasing rapidly in 
size toward the periphery. Between the dorsal angular ends of the 
superomarginals are numerous papulae forming a serrate border to 
the abactinal papular area. These papulae sometimes extend nearly 
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;he inferomarginal plates. In 1 case there is a small isolate 
rmarginal papular area with 7 papulae, 
he inferomarginal plates are for the most part opposite the si 
)marginal, but become more numerous at the end of the ray, the 
Lg 20 or 21. They are wider than long and oval in form, tl 
rower end toward the furrow. The plates increase rather ra] 

in size up to the middle of the ray, then decrease very gradual 
ear the end of ray, then rapidly. They are very slightly conve 
plane in the midle and paved with close-set polygonal granul< 
ch increase in size toward the outer margin, without attaining tl 
of the largest superomarginal granules, except on the first 3 or 
;es. These plates are smaller than the others, and covered I 
fiules which look as if they had flowed onto the plates from tl 
nal intermediate area. The outer end of some of the plat 
1^ a low flattened tubercle, 
he small intermarginal plates are found both at the base of tl 

and irregularly near the tip. The proximal ones, numberii 
i 10 extend one-third to one-half the length of ray; the out 

4 of these are isolated. Then, near the end of the ray are 2 to 
11 isolated plates at the comers of the marginals. On one n 
series extends from interradius to near the tip, skipping only 
finals twice. There are about 18 plates in this series, some vei 
11. The first 2 or 3 usually have a central flattened tubercle, 
ition to polygonal, more or less elevated granules; the others a 
lular. 

erminal plate small, convex, abactinal in position. It is gran 
and shows the scar of a small terminal tubercle, 
ctinal intermediate plates in series from adambulacrals to ma 

the first complete series leaving the fourth adambulacral ai 
ting first inferomarginal. It abuts against the correspondii 
BS of the adjacent ray at the middle of r. In the angular an 
3 inclosed, are less regular, more convex plates, the central gra; 

very prominent, and sometimes tubercular. The other plat 

slightly convex, and covered with slightly spaced polygon 
aules (with rounded comers) 1 or 2 series on the margin of tl 
;es being considerably smaller than the rest. The plates adj 
; to adambulacrals extend nearly to tip of ray ; the series parall 
his is very irregular, but reaches nearly as far, its plates beii 
irated on outer part of ray by the inner end of the inferomarg 
[. Rather small, low, beveled pedicellariae are present on tl 
es adjacent to adambulacrals. 

dambulacral armature like that of Oreaster. Furrow spines 
2 central about as long as the slightly curved furrow margin, tl 
Ts rapidly diminishing in size, the laterals being only one-fourl 
ne-fifth the length of the mesial. Subambulacral spines 2 (le 
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often 3) , becoming 1 near the end of ray. They are stout, flat, as long 
or longer than extreme width of plate, round tipped or truncate, fre- 
quently broader at tip than base, and smooth. The outer edge of 
plate is bordered by 6 or more small pinched granules, which also 
extend a variable distance along the transverse margins. A slender 
slightly curved, 2-jawed, upright pediceUaria stands near the adoral, 
inner comer of plate, with frequently a second smaller one a short 
distance back of it, or sometimes near the outer adoral comer. 

Mouth plates with 14 to 18 furrow spines the adoral 4 heavy, the 
rest decreasing very rapidly, the aboral being short. All the smaller 
spinelets are slender, more or less flattened, and bent toward the 
mouth angle. Subambulacral spines 5, the 2 series uniting at the 
inner end and forming a horseshoe-shaped series for each mouth 
angle. Outer end of mouth plates granular, with numerous pedicel- 
lariae, as in Oreaster. 

Madreporic body large, roughly 4-sided (unsymmetrical lozenge 
shape) , flat, with numerous fine striae. It is at the edge of the apical 
area, its outer end a little less than \ r from center. 

The color in alcohol is a very deep brown, almost black; the speci- 
men was bleached for photographing. 

Type.— Cat No. 32682, XJ.S.N.M. 

Type-locality. — ^Tictauan Island, east of Zamboanga, Mindanao. 

DistribtUian. — ^Known only from type-locality. 

Bemarks. — Pentaceropsis tyloderma differs from P. ohtuaata^ in 
having only 1 series of usually 2 (1 to 8) subambulacral spines (not 
2 series of 3 to 4 each) ; slightly more numerous furrow spinelets 
(8, in obtusata 5 to 7) ; in having larger triangular superomarginal 
plates, without special tubercles (small, roundish, and with tubercles 
in ohiusata). In obtuaata the abactinal plates which are convex are 
more numerous and closer together, and the medioradial series is not 
80 clearly distinguishable as in tyloderma. The photographic fig- 
ures will give a better idea of the exact appearance of the creature. 

Nearly a year after the original description of P. tyloderma was 
published I saw at the Museum d'Historie Naturelle 7 dried speci- 
mens of P. obtusata from Mindoro (No. 247875). While I was not 
able to make a direct comparison with tyloderma^ even a hasty ex- 
amination showed me that they belonged to a distinct species. Per- 
rier's notes in the Eevision (p. 260) were based largely upon these 
specimens. A few weeks later I saw 2 specimens of Pentaceropsis 
at the British Museum. One, from Blanch Bay, New Britain ( Willey 
collection) is almost oertainly not obtusata; neither does it appear 
to agree well with tyloderma, having very small superomarginals, 
and also a quite different f acies from the Paris specimens. A smaller 

^ Deecription by MfiUer and Troochel, 1842, p. 50 ; Perrler, 1876, p. 260. 
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iple (No. 399, Cebu, Challenger) has been recorded by Slad( 
9, p. 851). This, also, agrees very poorly with the Paris spec 
[ which may be regarded as typical, but as I was unable to mal 
I from a direct comparison of specimens, any general observatio] 
d be uncalled for. 

iless Pentaceropis is extraordinarily variablie there are prol 
at least 2 forms going by the name of ohtusatd, 
ntaceropsis euphues Sluiter (1895, p. 56) is a small species (1 
DQ.) with marginal and abactinal spines. It is possibly a youi 
tnen and not a Pentaceropais. The present species is placed i 
enus Pentaceropsis on account of the presence of a conspicuoi 
narginal series of plates and the eictemally nonreticulate dorsj 
X)n. The first character is of doubtful value. Sladen (188 
•43 and 850) gives it primary importance, but intermarginj 
s of quite noticeable size are present in large examples < 
9ter hawaiiensis and O. occidentaUs (Fisher, 1906, p. 1073). 
small intermarginal plates (4 to 6 in each interbrachium) i 
medium-sized examples of 0. Ttodoaus^ completely obscured b 
ranulation ; still larger ones are present in O. alveolatus and C 
nUlatus^ but apparently riot in O. reticulatus. I have not bee 
o examine other species, but I have no doubt that the charactc 
lespread in the genus. 

Dbably the most importance difference between Oreaster an 
iceropais is the structure of the abactinal skeleton, which extei 

is not reticulate, although internally the short connectin 
es between the longitudinal rows of primary plates constitui 
Bginnings of such a structure. The superficial skeleton is con 

of very numerous small ossicles closely packed between th 
icuous primary plates, and among the former are numerou 
[ae not set off into separate areas. The abactinal skeleton i 
similar to that of Asterodiscus^ although internally the skelc 
f the latter is obviously reticulate, having rather long intei 
ite ossicles arranged stellately between the primary plates, an 
ng sunken triangular areas. 

Genus ASTERODISCUS Gray. 

iterodiscwf Gbay, 1847a, p. 176; 18476, p. 75; 1866, p. 5. Type, A. elegan 
Gray. 

KBT TO THE KNOWN SPECIES OF ASTEBODISCUS. 

>actlnal tubercles conical, more or less acute to hemispherical, or truncat 
hemispherical; R=les8 than 1.8 r. 

^nly the primary abactinal tubercles with a basal circle of grannies; n 
lall grannies thickly scattered between the tubercles; inferomarglDa 
Eites subequal to superomarginals, the surface with several large grai 
es and a small tubercle; superomarginals abactinal in position, covere4 
th coarse granules; marginal granules of actinal intermediate plate 
ry coarse; four or five furrow spines clegans Gray, p. 3K 
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5.' All the abactinal tubercles with a basal c^de of granules ; numerous 
small granules tlilckly scattered between the tubercles; Inferomarginal 
plates conspicuously smaller than superomarglnals, the entire surface oc- 
cupied by a conical tubercle; superomarglnals lateral In position, most of 
the surface bare ; marginal granules of actlnal Intermediate plates small ; 

six or five furrow spines ^ tuherculoaus Fisher. 

0.' Abactinal tubercles obconlcal to obovate, broader at summit than at base, 
the surface convex or truncate ; R=2 r. ^ 

&.* Superomarglnal plates distinguishable, the terminal only moderately 
large (8 mm. dlam.) ; Inferomarginals 9 or 10; abactinal tubercles fewer 
and very large (6 to 7.5 mm. dlam.) ; actlnal Intermediate tubercles not 
large, nor spatulate or flattened, near furrows ; furrow spines four ; outer 
subambulacral c^ine not flattened nor heavier than the inner. 

truncatus Ooleman. 

b* Superomarglnal plates not distinguishable, the terminal unusually large 
(13 mm. dlam.) ; inferomarginals about 18; abactinal tubercles, especially 
the secondaries more numerous, and all smaller (2.5 to 3 mm. dlam. for 
largest) ; actlnal intermediate tubercles larger toward furrow, and spatu- 
late or flattened; furrow spines three; outer subambulacral spine flat- 
tened and heavier than inner Tielonotua Fisher, p. 357. 

ASTEBODISCUS ELEGANS Gny. 

Plate d7, flg. 2 ; plate 101, flg. 2. 

AsterodUcua elegans Gray, 1847a, p. 176; 1847&, p. 75; 1866, p. 5, pi. 12, 
figs. 1 and 2. 

Notes on Philippine specimens. — ^The specimens are referred to this 
species with considerable hesitation, because there is no adequate de- 
scription of Gray's types, and his figures do not show the side view 
of the ray which is desirable when the description is so meagre. The 
specimens are more stellate than Gray's figure ; nearly as much as the 
type of A. tuherculosus; e. g., R=86 mm., r=24 mm., R=1.5 r. There 
are more numerous abactinal tubercles than are represented in Gray's 
figure, and these are of a low, blunt, conical form, not truncate. A 
fairly regular carinal series of 11 is present; and alternating with 
them on either side is a less regular adradial series, with the be- 
ginning of a second series near the center of disk. These primary 
tubercles are surrounded at the base by a ring of convex granules, 
but the smaller unequal slightly spaced secondary tubercules which 
cover the rest of the abactinal surface are almost always without the 
granules at the base, unless the tubercle is nearly as large as the pri- 
mary ones. Herein lies a conspicuous difference between this species 
and A. tuberculos^is Fisher. In the latter all the tubercles are sur- 
rounded by bead-like granules, and between the tubercles are many 
minute granules thickly covering the whole test. These are absent 
in this specimen of elegans. Nearly all the larger tubercles have at 
the base a pedicellaria with 2 slender curved jaws nearly as long as 
the tubercle; these are present also beside many of the smaller 
tubercles. 
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What appear to be the superomarginal plates are 2 in numlx 
(omitting the large distal plate) and are relatively widely separate 
from the inferomarginals (3 mm.), being actually abactinal in pos 
tion, and the outer is at the proximal third of ray. They are coverc 
by 4 or 5 tubercles (one larger than the rest) and a circle of tumi 
granules. 

In A. tnbercuiosaa the 3 superomarginals are relatively less space 
from the inferomarginals and have a conspicuous bare surface. I 
eleffana the superomarginals and the tubercular intermarginal plat 
may bear a pedicellaria. The terminal superomarginal is broad] 
oval, less convex, and larger than in tuberculosus, its long diao 
eter being 5.5 mm. or about one-fourth the length of ray mea 
ured on side. Inferomarginals 9, decreasing regularly in size, co^ 
ered with coarse granules, with usually a tubercle on the margi] 
The proximal 4 or 5 are separated by 1 or 2 vertical series of plate 
They are about equal in size to the superomarginals, whereas in / 
tuiercuiosvs the inferomarginals are conspicuously the smaller, an 
moreover bear a large acorn-shaped tubercle occupying all or near! 
all the surface of plate. 

The actinal intermediate plates bear 5 to 10 very coarse unequa 
convex or tubercular granules, 1 of which is enlarged into a hem 
spherical or low acorn-shaped tubercle, 1 or 2 of the granules bein 
only slightly smaller. These tubercles are most prominent on tl 
outer half of ray, and near the mouth plates, being smaller intei 
radially. Many of the plates bear a curved slender 2-jawe 
pedicellaria. 

Furrow spines 4, slightly compressed, round-tipped, the adorj 
slightly shorter than the other 3. Subambulacral spines 2, heav 
round-tipped, in a transverse series, the outer the shorter. The ma 
gin of plate is provided with a series of small pinched granule 
Marginal mouth spines 8 ; suboral spines usually 8 in a series parall 
to furrow. 

The differences between this species and A. tuhercuiosus may I 
summed up as follows: tuherctUosw differs from elegans in haviu 
numerous small granules between the abactinal tubercles, and su: 
rounding not only the primary tubercles, but also the secondar] 
these granules are smaller and more beadlike; the superomargini 
plates are conspicuously larger than the inferomarginal (not sul 
equal), are lateral in position (not abactinal), and are situated nean 
to the inferomarginals; they are mostly naked and surrounded t 
a series of beadlike granules; the inferomarginals, instead of bein 
covered by numerous coarse granules (as in elegans)^ are provide 
with an acorn-shaped tubercle occupying all the surface of the plat( 
the terminal superomarginal is more convex and smaller; in elega/i 
the actinal intermediate granules or tubercles of each plate ai 
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nearer of a size; that is, the marginal granules are very coarse, while 
in tuberctilostis they are small. The adambulacral formula of ^t^&^r- 

, . 6 (or 6) 6 (or 6). . , •* • 4 (or 5) rnv j 

moms IS 2J.1 ^^ i + l ' ^ degans it is ^ , . * The adam- 
bulacral pedicellariae found by Sladen in the Challenger specimen 
of elegans do not appear to be present in the Albatross specimen. 

Type-locality. — Gray states that the locality is unknown, but Per- 
nor (1875, p. 256) records the type as from northeast China. 

Distribution. — ^Philippine Islands and northeast China(}). 

Specimens examined, — Station 5481, 3.8 miles southeast Cabugan 
Grande Island, Surigao Strait, east of Leyte, 61 fathoms, sand, 
shells, gravel; 1 specimen. 

Station 5482, 4.5 miles southeast of Cabugan Grande Island, 67 
fathoms, broken shells, sand, green mud ; 1 specimen. 

ASTEBODISCUS HELONOTUS FIdMr. 

Plate 95, figs. 1, la ; plate 96, figs. 1, 2. 
Asterodiscus lielanotus Fisher 1918o, p. 210. 

Diagnosis. — Similar in shape and general appearance to A. trun- 
catus Coleman, but differing in having smaller and more numerous 
abactinal tubercles (of a similar form), much larger terminal supero- 
marginal plate, less conspicuous marginal plates (the superomar- 
ginals not distinguishable) ; mo^e numerous inferomarginal plates, 
9 underlying the terminal superomarginal, and others bearing a 
large, compressed, fan-shaped tubercle; flattened or spatulate actinal 
intermediate spines near furrow, where they are larger than near 
margin; only 3 furrow spines; outer subambulacral spine flattened, 
and heavier than the inner (the reverse in trwncatus) ; inner mouth 
i?pines shorter than the others. R=98 nmi., r=48 mm., R=2 r; 
breadth of ray at base, about 53 mm.; general form depressed, 
strongly stellate. 

Description, — ^Abactinal tubercles similar in form to those of A. 
tnmcatus, but much smaller and much more numerous. Larger 
tubercles not arranged in evident series, in form resembling inverted 
truncated cones, the base of the cone being convex, and the truncated 
end immersed as it were in the plate and surrounded by a circle of 
small beadlike granules. Packed closely among the largest tubercles 
are more numerous smaller ones of several sizes, more numerous than 
in A. truncatus. These are clavate, or obovate, more or less irregu- 
lar in form, and toward the margin of the disk a certain number be- 
come slenderer, and take on a more cylindrical form, with a well- 
rounded summit. The secondary tubercles are all considerably higher 
than thick and all except the smallest have at least a few inconspicu- 
ous granules around the base. The height of an average primary 

13434^BulL 100—19 2A 
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d is 2 to 2.5 mm. and its breadth at the top 2.5 to 3 mm. { 
us similar measurements of a comparable specimen are : 
md 6 to 7.5). Between the tubercles are widely spaced sm 
js similar to those around the base of the tubercles. Num 
g, very slender, 2-jawed pedicellariae straight or curved 
[ stand beside many of the tubercles. Sometimes the tips 
7s are widened and truncate. Papulae small generally d 
]. A peculiarity of the abactinal and to a less extent t 
tubercles is that they are very deciduous. The specim 
J to have been well hardened, however, 
marginal plates are difficult to differentiate from the othe 
ai inferomarginals (of which 9 underlie the large termu 
Qarginal) can be distinguished, although the 3 or 4 wide 
proximals are just like the abactinal tubercles. The disi 
ire closer together and bear each a compressed, almost fa 
tubercle, quite different from the rest. This becomes si] 
on the distal half dozen small plates. The papulae extei 
Qd even between the inferomarginals, so that the superoma 
:an not be positively identified. The terminal superoma 
I larger than in any other species, broadly oval, the broi 
inad, and is bordered by a single row of beadlike, elliptic 
s. Although the surface is curved it is not tumid. Maj 
r 13 mm., minor diameter, 10.5 to 11 mm. (In a large spe< 
truncatus the nearly circular terminal superomarginal 
n diameter.) 

actinal intermediate plate has a conspicuous tubercle accoi 
by 1 to 3 much smaller tubercular spines of unequal size, ai 
en a slender 2-jawed pedicellaria such as are common on tl 
il surface. The plates are surrounded by unequal pinch( 
Qatic granules, with numerous other smaller granules in tl 
depressions between the plates. The large tubercles a 
or obovate, sometimes slightly compressed, near the marg 
but increase in length and become decidedly compressed 
ow is approached. Those bordering the adambulacral plat 
ongly compressed and subspatulate, with a truncate i 
rounded, beveled distal edge. The spines of the next seri 
quite so long or so compressed. Usually 1 or 2 slenderer, bi 
lous, spines accompany each of the large spines, while c 
ner plates 1 or more of the marginal granules may be consi< 
enlarged. The series of plates adjacent to adambulacra 
about as far distally as the middle of the large superoma: 
The next series does not reach the inner end of the bi 
En all there are about 7 chevrons of plates, 
►w spines 3, rarely 4, subequal, slender, compressed, taperin 
, round-tipped, about 1.5 times the length of base line of tl 
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comb, and when standing upright reaching about half the length of 
the inner subambulacral spine. Subambulacal spines 2 (3 on first 2 
plates), in an oblique transverse series, the outer conspicuously the 
larger and situated adorad of the inner. The outer spine is flattened, 
untapered, with a rounded or truncate tip, and is slenderer than the 
adjacent spatulate actinal intermediate spines. The inner spine is 
slenderer and slightly flattened in a plane oblique to furrow. Near 
the end of ray the -inner spine is subspatulate at tip and a little 
heavier than the outer. Adorad of the inner spine is usually an up- 
right pedicellaria with 2 slender, lanceolate, or narrowly spatulate 
jaws about as long as the furrow spines. Margin of plate bordered 
by unequal pinched granules. 

Mouth plates narrow, with 7 furrow and 4 heavier suboral spines in 
a parallel series. The innermost mouth spine of each jaw is shorter 
than the next spine. The angle pair of spines is therefore less con- 
spicuous than usual in this family. 

Madreporic body convex, with fine radiating convoluted striae, 
situated about two-fifths r from center. 

The dorsal skeleton from the coelomic aspect differs from that of 
A, tnmoatus. In the latter the large primary plates are connected by 
2 slender ossicles end to end, the junction resting on a secondary plate. 
There are 6 of these double ossicles radiating from each plate, and 
the triangular meshes of the skeleton thus formed are unusually 
large. In A. helonotus the primary plate's, with some exceptions, are 
comiected by a single ossicle, longer, however, than 1 of the ossicles 
in A. truncatus. Six of these radiate from each primary plate ; the 
inclosed triangular meshes are smaller than in A, tnmeatus. It has 
abeady been pointed out that the primary plates are more numerous 
in A. 7ielonotu8. 

Type.—Csit. No. 32633, U.S.N.M. 

Type-locality. — Station 6149, off Sirun Island, vicinity of Siasi, 
Sulu Archipelago, 10 fathoms, coral, shells ; 1 specimen. 

DistribtUion. — ^Known only from type-locality. 

Remarks. — The chief points of difference between this species and 
A, tnmeatus have been alluded to in the diagnosis. In tnmcatus the 
abactinal tubercles are much larger, as I have had the opportunity 
of comparing a small portion of the abactinal surface of A. tnmcatus 
directly with that of A. helonotus^ where the secondary tubercles 
closely fill the interspaces between the primary tubercles. In trvmr- 
catus the secondary are less numerous and leave wider interspaces, 
and are actually larger than the primary tubercles of helonotus. The 
large size of the terminal superomarginal, as well as the small size 
of the other superomarginals, appear to be differences of importance. 
In A. truncatus there are 9 or 10 inferomarginals, in eUgans 9, in 
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mlosus 9 or 10, but in helonotus there ar^ about 18, the distal 
lying the large superomarginal. It would seem that the numb 
Eeromarginals is a fairly conservative character and that tl 
y increased number in helonotus affords a distinguishing fe 
f great importance. The ray grows not so much by the additi< 
w marginals as by the interpolation of additional interma 
t between the already existing inf eromarginals. In this speci 
rrow spines reach the smallest number for' the genus, the 2 su 
[acral spines are unusually long, and the inner, not the out< 
slenderer. 

7ielonotu8 differs from elegams and tuberoulosits in respect 
>rm of the abactinal tubercles, the more nimierous inferoma 
;, larger terminal superomaginals, indistinguishable proxim 
[)marginals, spatulate and spiniform inner actinal intermedia 
jles, fewer furrow spines, longer subambulacral spines (tl 
being the slenderer) , and the short angle-spines of the moui 
. The inferomarginal tubercles of A. Tvelonotus are of a cor 
>d flaring form, ^somewhat fan-shaped, and entirely differei 
the conical tubercles of tuberculosus or eUgans. 

Genvs CULCITA Agassis. 

Icita Agassiz, M6m. soc. scl. nat. Neuchatel, vol. 1, p. 192. Tyi 
Asterias discoidea Laii^rck= A«feria« achmideliana Retz. 

CULCrrA NOVAE-GUINEAE Mfllfor and TtmcImI. 

ilcita novae-guineae MthxEB and Tboschel, 1842, p. 38. 

'68 on Philippine specimens. — Of the 4 specimens from static 
1 shows considerable leaning toward variety plana. The 
nens have not quite such prominent spines on the spaces b 

the papular areas as the specimen figured by Doderlein (189 
, figs. 3, 3a) , and the ventral side more nearly agrees with h 

la (same plate) representing variety plana. But the spao 
Bn the papular areas are very narrow and the short pointc 
I are more numerous than in the specimens of plana listed b 
nd more numerous than in Doderlein's figures of plana. Fu 
3ines 6 or 7. The largest specimen has B, 97 mm. 
o has recently published notes and figures of this species and 
V of the literature, as well as a very useful key to the speeii 
arieties of the genus. (Goto, 1914, pp. 515-604, pi. 17, fig 
52.) 

tribittion. — Doderlein gives the distribution of the typical fon 
ina to Samoa. Goto (1914, p. 507) records it from the Ryukj 
pelago, and I have examined a specimen from Kagoshim 



Digitized by LjOOQ IC 



STABPISHES OF THE PHILIPPIKE BEA& 861 

Japan. The specimens herewith recorded from the Philippine 
Islands constitute a new record. 

Specimens exandned. — Six: 

Station 6136, off Jolo Light, Jolo, 22 fathoms, sand, shells; 4 speci- 
mens. 

Tictauan Island, east of Zamboanga, Mindanao; 1 specimen. 

Beef opposite Cebu, Cebu ; 1 specimen. 



CULCTTA NOVAB^mNEAB. 1 

Two specimens of ^Oomodiscus sebae^^ the young of OvlcUa 
novae-guineaej are present in the collection from the following locali- 
ties: 

Tataan, Simaluc Islands, Tawi Tawi Group, Sulu Archipelago; 

1 specimen. 

Sablayan Bay, Mindoro, 1 specimen. 

CULdTA NOyAE.GUINBAE PLANA Hartfamb. 

CulcUa plana Habtlax]b, 1882, pp. 74 and 84. 

Notes an PMUppine specimens. — ^In respect to the size of the papu- 
lar areas and the breadth of the interpapular spaces some of these 
specimens approach very closely the variety arenosa Perrier. The 
ventral surface is almost exactly like that figured *by Doderlein for 
jUana (1896, pL 19, fig. la). A peculiarity of these specimens is 
the fact that the spaces between the papular areas are almost wholly 
without spines, but are covered with a very fine uniform granulation, 
among which are minute 2-jawed pedicellariae, a little larger to 
twice as large as the granules. In the roundish papular areas, 
which frequently touch, are unequally spaced rather few short coni- 
cal spinelets, surrounded by granules slightly larger (or at least 
longer) than those of the interpapular areas. On the margin, which 
is high, there are usually a very few widely spaced short conical 
gpinelets on the interpapular spaces, but these are lacking on the 
dorsal surface, except in a very large specimen from Cataingan Bay^ 
Masbate. Here the spinelets are small and very widely spaced, and 
absent from a part of the disk. 

Distribution. — ^Doderlein gives Sumatra to Samoa as the distri- 
bution of this form; Hartlaub gives Samoa, Viti, New Guinea, 
Philippines, Amboina, and Mauritius. 

Specimens examined. — ^Four: 

Station 5146, off Jolo light, Jolo, 23 fathoms, coral sand, shells; 

2 specimens. 

Station 6160, off Tinakta Island, Tawi Tawi Group, Sulu Archi- 
pelago, 12 fathoms, sand; 1 specimen. 
Cataingan Bay, Masbate, 1 specimen (B=180 mm.). 
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Genus HAUTYLE Fisher. 

yle Fisher, 1913c, p. 211. Type, Halityle reffularis Fishes. 

taster H. L. Clabk, 1915, p. 144. Type, Oulcitaater anamesus Clark. 

oats. — ^Differing from Culcita in having the marginal plat 
Q the adult, and in having the papulae in very numeroi 
^ arranged triangular areas, resembling those of OreasU 
in sixes aroimd each primary plate; in having regular 
id actinal intermediate areas. Form pentagonal, or penta 
late with very short rays; no spines on any plates except ti 
acral ahd mouth plates; bivalved and spatulate pedic( 
•esent ; end of rays permanently recurved so that the amb 
irrow becomes dorsal at the apex. 

'ks. — ^The type-species is of large size and has retained tl 
soniate character of young CiUcita. This feature and tl 
Y arranged, triangular papular areas generally in sixes, ai 
conspicuously, regularly tessellated actinal surface provi( 
nation of characters not duplicated in either Culcita ( 

k there is little doubt that Cvlcitaster Clark will have to I 
with Halityle. The type is from the coast of West Au 
[t has short rays at the comers of the swollen dispropo 
large disk. The regular arrangement of the abactinal plat 
ular areas, and the tessellation of the actinal surface a 
I as in ZT. regularis. One important difference, however, 
marginal plates are concealed except on the terminal thij 
ly. Whether this is of generic value can not now be dete 

e with Doctor Clark that it is diflScult to understand how 

d conspicuous a form should have so long remained und 

and like him I have been unable to find anything in tl 

B which would indicate that European zoologists had ev 

er species. 

ictor Clark states, the genus appears to occupy a place b 

reaster and CuZcita. 

imes Randasia Gray, Goniodiscus Miiller and Troschel, ai 

cidea Fisher (for Goniodiseus, untenable), do not enter in 

ion with HalityU^ having been founded upon immatu 

ls of Culcita, 

HAUTYLE REGULARIS Flaher. 

Igs. 7, la ; plate 95, fig. 10 ; plate 9S, fig. 1 ; plate 99, figs. 1, 2 ; plate 1( 
figs. 1,2. 

fie regularis Fishes, 1913o, p. 211. 

9si8. — Differing from the species of Culcita in having wel 

narginal plates in the fully adult, no tubercles or .spines c 
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abactinal or actinal plates, and in having more numerous abactinal 
plates, forming a very regular triangular reticulum, between which 
are triangular papular areas arranged in regular series parallel to 
the radial series of plates, and much more numerous than in G. 
sehmideliana or C. novae-guineae^ or their varieties; R=183 mm., 
r=95 mm., B=1.4 r; form massive, pentagonal with slightly arcuate 
sides which are perpendicular and formed by the marginal plates 
and about 1 series of adjacent large papular areas with intervening 
perpendicular trabeculae (each of which joins the upper end of a 
superomarginal plate) ; abactinal surface more or less swollen, and 
marked off into regular triangular papular areas by narrow trabecu- 
lae; whole surface finely granular with minute 2- jawed granuliform 
pedicellaiiae; no spines; actinal intermediate plates sharply marked 
off by sutural grooves and covered with a close mosaic of unequal, 
smooth, very compact granules ; the 3 chevrons nearest furrow with 
an odd interradial plate, the others without; furrow comb compact, 
perpendicular, with 8 to 11 slender spines, the aboral end of 1 comb 
slightly overlapping the adoral end of the next younger comb. 

Description. — ^No spines on any plates except the adambulacral. 
Abactinal surface, which is variably inflated, marked off into very 
regular triangular papular areas, grouped in hexagons, the center 
of each of which is a primary plate, the diagonals (separating the 
6 triangles of each hexagon) being the slender connecting ossicles 
or trabeculae. The primary plates are arranged in quincunx in very 
regular series parallel to the median radial, on either side of which 
3 series can be plainly seen (especially if specimen is dry) , with 2 
more in the angle made by the interradial line (which is marked by 
a definite series of ossicles and connectives) and the marginal plates. 
These last 2 rows are not so regular. At the center of disk the pri- 
mary radial and basal plates mark off a stellato-pentagonal apical 
area, within which is a cycle or pentagon of 10 plates, inclosing an- 
other of 5 plates, the center of the latter being occupied by the cen- 
tral plate, and one of its sides by the anal aperture. These plates are 
all connected by regular trabeculae. Between each row of primary 
plates is a double row of the triangular papular areas containing 
50 to TO pores (sometimes less in small areas). The areas just above 
the superomarginal plates are larger than the rest, containing up- 
ward of 150 pores, and instead of being triangular are roughly loz- 
enge shape or (transversely) elliptical. The trabeculae are covered 
with very small, crowded, polygonal, unequal, or subequal granules, 
slightly convex in alcoholic specimens, strongly convex to subconi- 
cal when dried. On the papular areas the granules are slenderer 
and longer, in the form of tapering minute spinelets (when speci- 
men is dry). In alcoholic specimens they appear very similar to the 
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^rpapular granules. Several very small 2-jawed slender spatula 
iicellariae as long as to twice as long as the granules, are presei 
each papular area. In alcohoUc specimens they are very inooi 
cuous. 

Fhe abactinal body-wall is about 5 mm. thick on the edge of tl 
ical area, radially ; in C. novae-guineae it is about twice that Tl 
imary abactinal plates are about half as large and twice as n 
rous as those of C. novae-guineae. In the latter there are 6 or 
imary plates in the radial series between middle of disk and ei 
ray ; in HaUtyle there are 13 in a comparable specimen. As sei 
>m the coelomic side the primary plates are slightly wider thi 
ig, with 6 lobes, the longitudinally directed ones being well-d 
[oped (poorly developed or absent in specimen of novae-fftdne 
simined). They are slightly slenderer than the lateral lobes. Tl 
meeting ossicles are slender and strongly overlap the lobes of tl 
imary plates, being dorsal to them. As viewed from above m 
ared specimen these connecting pieces form a very regular t 
gular network. Within the apical area certain plates have 7 
'adiating trabeculae. Embedded in the integument of the papnl 
sas are numerous calcareous granules, many of which have a ce 
l1 pit for a pedicellaria. 

IVfarginal plates plainly visible, the inferomarginals the larg< 
bh sets defining ambitus and perpendicular in orientation. Supei 
irginals, slightly to not at all convex, roughly triangular, the ba 
ainst the upper end of the corresponding inferomarginal, and t 
ight greater than the length. Between the tapering sides of t 
peromarginals are the large papular areas above mentionc 
lere are about 22 plates to a side. The end of the ray or rath 
mer of the disk is turned upward, as usual in Cvlcita^ and the If 
)r 5 plates are all differently formed ; the fifth from end is rath 
long and oriented obliquely; the fourth is unequally triangular; i 
ird elliptical, oriented long way to furrow and abruptly smalle 
3 second irregularly oblong; while the first plate usually forms 
ke over the abactinal surface just behind the small terminal plat 
netimes this half ring is split into 2 plates. The normal conditic 
lich is certainly exceptional among starfishes, is the yoke form, t 
Bite being common to 2 superomarginal series. 
Inferomarginals are more nearly rectangular, but the lower end 
imded. They correspond to the superomarginals as far as about t 
[th plate from interradial line, beyond which they are more nmiM 
s, there being 40 to the side. Those corresponding to last 4 supei 
irginals (11 or 12 in number) are transversely oblong and fail 
^lar, decreasing rapidly in size to the end of ray. Actinal int( 
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mediate plates impinge upon the lateral wall of disk between the 
lower ends of the proximal inf eromarginal plates. Marginal plates 
covered with close, fine, unequal, polygonal granules, the supero- 
marginal a trifle larger than the abactinal, these increasing in size 
toward the middle of the inferomarginals where the granules are 
conspicuously larger, irregularly polygonal, and similar to those of 
the actinal intermediate plates. Minute 2-jawed pedicellariae, as a 
rule smaller than the granules, are scattered over the inf eromarginal 
plates and very sparingly on the superomarginals (sometimes none). 
The surface of the plates is anooth in alcoholic specimens, the pedicel- 
lariae being sunk in shallow pits. 

Actinal intermediate plates, very clearly outlined by furrows, there 
being 3 regular chevrons of oblong plates (long axis transverse) with 
an odd plate at apex, followed by about 6 less regular chevrons of 
elongate hexagonal plates without an unpaired interradial plate. The 
distal plates of each series are less regular and are situated on the 
rounded angle between ventral and lateral surfaces. The plates ad- 
jacent to furrow are the largest and generally oblong, although the 
external side may have 2 facets. The intermediate plates also form 
fairly regular series from the adambulacrals to the margin. The 
plates are covered with flat, unequal, irregularly polygonal, close- 
set granules, the middle of the plate being plane, but curving down 
abruptly at the margins, to the conspicuous sutural furrows. The 
plates near the mouth angle are surrounded by a fold of the integu- 
ment, as if by a frame, on which the granules are nearly uniform in 
size, quadrate and not so closely packed as on the plate proper where 
they are larger and very unequal. Two- jawed, slightly sunken, 
pedicellariae, about the size of the quadrate granules, are plentiful 
around the edges of the plates near the furrow, and smaller ones on 
the surface of the other plates, especially on the rounded edge of the 
disk, adjacent to the inferomarginals. There are no signs of 
tubercles, the granules being very flat and smooth. 

Adambulacral plates with a compact straight perpendicular fur- 
row comb of 8 to 11 slender, blunt spines, the adoral the shorter, and 
the longest slightly aborad of the middle of the series, whence the 
spines decrease slightly in length to the aboral end of the series. 
When there are 8 spines they are of nearly equal length, and the 
first and last of the series are conspicuously broader than the others. 
The longest spines are slightly longer than the base line of the comb. 
Back of these are 2 or 3 short heavy tubercular spines (near tip of 
ray only 1) with rounded, wrinkled or eroded tips. The median is 
usually slightly the larger when there are 3 ; and when there are 2 
they are subequal, or the adoral is slightly the larger. A large 
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id broadly lanceolate pedicellaria often stands at the acloral 

F the subambulacral series. The outer margin of plate, ju<i 

)f the subambulacral series, is occupied by low granules witl 

ititlj a pedicellaria composed of 2 stout subconical, granuli 

jaws. 

ith spines 12 to 15, the inner the heaviest, the outer a littli 

than adjacent adambulacral spines; suboral spines swollei 
crinkled at tip, 4 or 5 to each plate, in a series parallel t< 
bulacrals. Back of these 1 to 5 enlarged granules may be pres 
epresenting a second suboral series. The outer part of tb 

is covered with mostly irregular 4-sided granules, continu 
ith those of adambulacrals, and also those forming a zom 
i the proximal actinal intermediate plates. Sutures of mouti 
not visible. 

Ireporic body ovate, flat or slightly concave, with numerou 
idiating striae, situated one- fourth the distance from center U 

between superomarginal and inferomarginal plates. 
Dr in life, maroon red on ventral surface; darker on dorsa 
e. 

tads in numerous tufts parallel to interradius; the hepatii 
are relatively small, and each is situated close to the inter 
lal septum. 

><?.— Cat. No. 32634, XJ.S.N.M. 

>e'locality. — Station 5165, 6.4 miles southeast of Observatioi 
I, Tawi Tawi Group, Sulu Archipelago, 9 fathoms, coral; ! 
lens. 

tribution. — ^Known only from the type-locality. 
cimens examined. — Three; besides the type, one without lo 

larks, — Halityle regularis will not be readily confused witl 
nown species of Culcita. Doderlein in his revision of CulciU 
, p. 315) reduced the number of species to 5, namely schmide 
novae-guineae^ grex^ coriacea^ and veneris. The last two mai 
ninated, as they have the papulae uniformly distributed ovei 
>rsal surface. The first 3 species have small spines or tuberclei 
her the papular areas, or interpapular areas, or both. All thi 
s have the marginal plates obscured, except when young. Ii 
giUaris, on the contrary, the marginal plates are distinctlj 
5, although not especially conspicuous, there are no spines oi 
les on the abactinal, marginal, or actinal intermediate plates 
he papulae are in very regularly arranged triangular areas 
bling those of Oreaster. The actinal plates are conspicuouslj 
ated. 
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Geniis CHORIASTER LUtken. 

Choriasier Lt^rKEN, Catalog des Museum Godeffroy, 1868, No. 4, p. 85. 
(Also 1871, p. 243.) 

CHORIASTER GRANULATU8 Lfltiicn. 

Choriasier gramUatus LthiCEN, Oat Mus. Godeffroy, No. 4, p. 85, 1871, 
p. 243.— Goto, 1914, p. 604, pL 17, fig. 263; pi. 18, figs. 264r-269. 

Specimen examined. — Togian Bay, Togian Island, Gulf of Tomini, 
Celebes, Dutch East Indies. 

Distribution. — ^Pelew and Fiji Islands; off Zamboanga, Mindanao; 
Celebes; New ZeaUnd; Okinawa Island, Japan (Goto). 

Remarks. — ^This specimen constitutes a new record for the species. 
K=90 mm., r=36 to 37 mm. Furrow spines 7 or 8; subambulcral 
spmes 3 or 4, rarely 5, in a single series, followed a curved series 
of granules, inclosing sometimes 1 to several small granules and 
1 or 2 small upright 2-jawed pedicellariae. A large 2- jawed lanceo- 
late pedicellaria stands at the inner end of the subambulacral series. 

Goto has published (1914) a description of this species, with fig- 
ures, and has given also a useful reprint of the literature referring 
to it. 

Family LINCKIIDAE Perrier.^ 
Genus DISSOGENES Fisher. 

Dissogenes Fisheb, 1913c, p. 212. Type, D. atyracia Fisher. 

Diagnosis. — ^Disk large, slightly inflated; rays moderately long 
and slender; whole body covered with small granules obscuring the 
outlines of all plates except the marginal, which are confined to 
side wall of body, and are unarmed except for 1 to 3 small central 
spines on the first 2 or 3 superomarginals ; abactinal plates of 2 
kinds, irregular mostly convex primary plates with 2 to 4 semicircu- 
lar excavations in margin overlying and bound together by secondary 
elliptical or oblong connecting ossicles, all very irregular in arrange- 
ment; primary plates of disk with small rigid central upright trun- 
cate spine ; actinal intermediate areas with about 4 chevrons of simi- 
lar longer spines; actinal intermediate plates extending in a single 
series nearly to end of ray, and a second series two-thirds the length 
of ray; adambulacral armature with 4 or 5, sometimes 3, prominent 
slender furrow spines on a nearly straight furrow margin; subam- 
bulacral spines 2 on disk, 1 on rays, a little longer and much stouter 
than furrow spines. Papulae single, irregular, abactinal. 

*For a synopslB of genera see Fisher, 1911d, p. 241. As here pointed out, Ophidlas- 
teridae is the oldest name for the family, but Perrier's shorter name haa been used by 
ereryone since 1876, including Verrlll untU 1914 (VerrUl, 1914a, p. 808). As strict 
priority is not insisted upon in family names* I see little utility in changing such a weU- 
loiown and long-used name. 
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DISSOGKNES STTRACU Fldm. 

Plate 102, fig. 1 ; plate 108, fig. 1 ; plate 181, figs. 1, la--l&. 

>U8ogenes styracia Fisher, 1918o, p. 212. 

agnosia. — ^Disk large, somewhat inflated; rays moderately long 
>w, tapering at first rapidly then gradually to pointed ex 
ity; interbrachial arcs wide, rounded. R=110 mm., r=28 mm. 

r; breadth of ray at base, about 34 mm. Marginal plates smal 
Qed to side of ray, imarmed except for a small central spine oi 
rst 2 or 3. Body overlaid by a close granulation obscuring out 

of all plates except marginals; abactinal plates irregularl] 
[, irregular in arrangement and connected irregularly by smallei 
dary plates; primary plates of disk and basal part of ray con 
f^ith a central rigid, short, stout, subtruncate tubercular spme 
t 4 chevrons of similar longer spines on actinal interradial areai 
reaching margin) ; furrow spines slender, rather long, 4 or J 
imally, 4 over most of ray; subambulacral spines heavier, sub 
;ate, 2 on disk and 1 on ray. Papulae single, all over disk and f ai 
r ray, numerous but irregular in arrangement; no pedicellariae 
9cription. — ^Abactinal plates of disk convex, the convexit] 
[lishing on the ray, the distal plates being nearly flat 

plates are strongly overlapping, without order (even th( 
al series being irregular) and are covered with closel] 
d small, irregularly polygonal to subcircular granules whici 
ire completely the sutures. Many of the plates of dist 
proximal fifth of ray bear a central robust slightly taperinj 
1-tipped tubercular spine 1.5 mm. long. These spines are ar 
^d in an irregular carinal series and 3 or 4 subparallel series oi 
r side. On some of the spiniferous plates the granules de 
d slightly in size near the base of the spine, while on the edg< 
d spiniferous area a few plates bear low thimble- form tubercles 

the end of ray a number of plates have a small centra 
i area. The papulae extend to within about 25 mm. of the enc 
y. They are irregularly distributed and on the outer part oj 
end to form lines of 2 to 4, outlining the larger plates; on th( 
Eind proximal part of ray they are single, spaced, and surrounci 
irge and small plates irregularly. Some or all of the granulei 
diately bordering papular pores are smaller than the others 
e abactinal plates when denuded of granules are seen to be oi 
is. Larger irregular plates overlie smaller irregular connecting 
3. The 2 kinds intergrade in size. The former are slightly tc 
edly convex and have 2 to 5 semicircular excavations in tb< 
in bordering papular apertures. The smaller connecting plate! 
m from the coelomic side are either oblong, irregularly ellipti 
ir irregularly triradiate in form. The latter seem to devel(^ 
)rimary plates. 
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Marginal plates forming a rounded border to each surface, the 
sides of ray being perpendicular. Marginal plates confined nearly 
wholly to side wall, encroaching very little upon either surface ex- 
cept in the interbrachial arc where the superomarginals form a nar- 
row border. The plates of the 2 series are nearly opposite, except 
near tip of ray. Superomarginals 41, the first 8 wider than long, the 
others a little longer than wide, the adoral transverse margin some- 
times slightly curved (convexity adorad), and the other transverse 
margin correspondingly concave. About the last dozen plates have 
a naked central area which increases in size distad, the last 8 or 4 
plates having only a marginal series of granules. The plates other- 
wise are covered with granules similar to those of dorsal sur- 
face, which decrease in size toward the center of plate; largest 
granules on transverse sutures. The first 2 or 8 plates bear 1 to 3 
small thimble-shaped tubercles, smaller than abactinal spines. The 
inferomarginals are similar to the superomarginals, but are a little 
narrower, the last 17 or 18 having a central naked area. The inter- 
brachial inferomarginals are not tuberculate (only 1 plate an ex- 
ception in type). Terminal plate nearly pear-shaped, small end 
distal, and with a small terminal cylindrical spine. 

Actinal intermediate areas rather extensive and covered with 
granules slightly coarser than those of abactinal and marginal plates 
(except marginal granules of latter) becoming more spaced and 
slightly higher toward the furrow and mouth angle, where the 
plates bear each 1 or sometimes 2 terete, slightly tapering, truncate, 
or round-tipped spines, 2 to 2.5 nun. long. There are 45 to 55 spines 
in each actinal interradial area and those adjacent to adambulacrals 
extend about one-third the length of furrow ; the spines are in about 
4 chevrons, and the outer spine on the interradial line is about two- 
thirds r from center. One series of plates reaches to within 10 infero- 
marginals of tip of ray; a second series about two-thirds length 
of ray; a third series one-third; while in the interbrachium numer- 
ous additional small plates are wedged in irregularly. In general the 
outlines of the plates are invisible. 

Furrow narrow. Adambulacral plates longer than wide, with a 
nearly straight furrow margin bearing proximally 4 or 5, but over 
most of ray 4 (sometimes 3) rather long (2.5 nmi.) subterete or very 
slightly compressed, truncate spines, the adoral slightly shorter as 
a rule than the other 3, which are subequal. On the first 7 to 12 
plates are 2 slightly longer but much heavier, truncate, slightly taper- 
ing and slightly compressed subambulacral spines in a longitudinal 
aeries just back of the furrow series. The adoral is usually the 
smaller after the first few plates, which may have a third much 
shorter adoral spinule. The other plates have 1 subambulacral a little 
larger than the proximal. A few plates irregularly near end of ray 
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pines in a transverse series. The first plate has 3 or 4 fuU 
nes. The surface of the plate external to the subambula 
covered with granules uniform with those of the adjacen 
itermediate plates, obscuring completely the external sutur 
iates. 

plates small with a straight furrow margin bearing 10 fui 
es. Suboral spines 4 to 6 in about 2 series parallel to fui 
iter part of plate with spaced granules, 8 to 10 in numbe] 
poric body circular, flattish, medium-sized, with fine undu 
ranched, radiating striae ; its inner edge is about one-third 
iter. 

in life, abactinal surface scarlet, tips of arms pale bufi 
lie ; actinal surface pale buff. 

perambulacral plates; ampullae double; tube feet wit] 
icking disks. 

-Cat. No. 32685, U.S.N.M. 

'ocaUty. — Station 5617, off Temate Island, west of Gillol 
Molucca Islands, 131 fathoms, bottom not recorded ; 1 speci 

)ution. — ^Known only from type-locality. 

ks. — This genus, like Narcissia and Ferdina^ might reasoi 

Qcluded in the Goniasteridae. It is placed in the Linckiida 

nt of the irregular abactinal skeleton, small marginals, an 

t granulation which covers the body and obscures the out 

the actinal and abactinal plates, and on account of the gei 

jarance. 

>ng, slender, furrow spines and prominent subambulacrt 

•e unlike those of any other genus of Linckiidae, while th 

[ and actinal intermediate spines are exceptional, and witl 

Uel in any of the Linckiidae having a large disk. 

Ura^ which I have placed provisionally in a special famil] 

looth skin, much smaller disk, and an altogether differer 

acral armature. That of Dissogenes is essentially gon 

mus is not closely related to any other, and the fact that : 
Bnities to two families has suggested the name, which si{ 
wo- fold descent. 

Genus FERDINA Gray. 

Gray, 1840. p. 282. Type, F, flaveacena Gray. 



FERDINA GLTPTODISCA 

56, fig. 5; plate 95, figs. 4, 4a-& ; plate 104, fig. 2 ; plate 106, fig. 4. 
n<i glyptodisca Fisheb, 1913o, p. 213. 

78is. — Eesembling F. offreti Koehler; differing in havin 
rominent abactinal plates, and nil the marginal plates wit 
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an extensive, central, naked area; the smaller abactinal plates less 
distinct and not at all convex; granules smallest on center of ob- 
scured plates, largest over the sutures (reverse in offreti) ; abactinal 
area narrower, about equal to extreme width of first superomarginal 
plate; inner series of small actinal intermediate plates lacking; 
adambulacral spines 3 (2 in offreti). Rays 5; R=35 mm., r=ll mm., 
R=3.2 r. ; breath of ray at base, 13 mm. Bays and disk very rigid ; 
abactinal surface subplane, actinal surface convex. 

Description. — ^Abactinal plates of two kinds: Large, subcircular, 
convex, numerously lobed and centrally bare plates, interspersed 
with numerous small, flat, irregular plates covered with a fine close 
granulation obscuring their outlines. The granules become smaller 
toward the center of the obscured plates. The large plates, with 
conspicuous bare areas, comprise five primary interradials, a group 
of 3 or 4 at the base of the ray (including the primary radial) 
and, jextending along the ray, a series of groups, ratiier than 
a series of plates. Each little group has 2 to 4 plates, the groups 
being sometimes isolated, sometimes connected by large plates so 
as to form an irregular carinal series. The distal 4 or 5 plates 
are sometimes separated by small plates. The last three superomar- 
ginals meet medially. The width of the abactinal area at base of ray 
is only about that of the first superomarginal plate. The naked areas 
on the plates are subcircular to broadly elliptical, quite smooth, 
and the granules decrease slightly in size toward the edge of this 
bare area, which comprises most of the area of the plate. Papulae 
single, and varying in number from 3 to 10 about each plate. 

Superomarginals 9, prominent, slightly convex, encroaching widely 
upon actinal surface, the first, eighth, and ninth wider than long, 
the others longer than wide; all with nearly the whole surface 
bare, and with the margin toward the abactinal plates strongly 
arched and (when cleaned) notched by papular pores. The fine 
granulation covering the margin of the plates is continuous and 
similar to that of the abactinal surface. Terminal plate small, sub- 
conical, with a row of little tubercles along either side of the end of 
the furrow. 

Inferomarginals much smaller than superomarginals, but corre- 
sponding to them. The first is wider than long, the rest longer than 
wide, except the last or last two. which are subcircular and convex. 
The third, fourth, and fifth are the longest being 2 to 2J times as 
long as wide. Each plate has an elliptical central naked area. This 
is very slightly concave on the first 5 plates, but there appears in 
the middle of the fifth or sixth a slight pimplelike eminence which 
increases in size toward the end of ray and on the last 3 or 4 plates 
bears one to several low granules. On the plate where the eminence 
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3ears there is no granule. With the exception of the last 
romarginals are not at all tumid. 

al intermediate plates squarish, slightly tumid. The seri 
> to adambulacrals extends to within about 3 inferomargina 
:>i ray; a second row extends to the beginning of the sixt 
arginal ; a third row to the beginning of the fourth inf ert 
tl, while the beginning of a fourth row is present in the inte; 
arc. The plates are not uniform in size but tend to becon 
nd convex opposite the transverse sutures of the inferomai 
ries. Granulation uniform with that of abactinal surfac 
>n the sutures and decreasing in size toward middle of plat 
y close and covers the adambulacral plates also, rising on tl 
ie of the adambulacral spines nearly to their tip. 
ibulacral plates slightly wider than long, about 15 corn 
g to the first 10 actinal intermediate plates of the inner serie 
ilacral spinelets truncate, slightly flattened, in a single serie 
dge of the furrow. Each plate has 3, or near the end of raj 
I, but there is no break in the series. Ambulacral furroi 

^poric body small, elliptical, resembling in miniature hal 

stone. 

in alcohol, light brownish, the granules encircling the bar 

d the center of small abactinal plates whitish, elsewhere du] 

especially on disk; actinally the orange hue is duller. Th 

reas are light yellowish brown, sometimes with a dark centei 

—Cat.. No. 32636, U.S.N.M. 

locality. — Station 5640, Buton Strait, Celebes (1 mile wes 

an Blanda Island), 24 fathoms, sand, broken shells; 1 speci 

button. — Kjiown only from type-locality. 
rks. — Although this species resembles F. oifreti (Ceylon an( 
m Islands) in the prominent superomarginal and abactina 
he resemblance is general only. A very important different 
>sence in glyptodiaca of a series of small actinal intermediate 
ubequal to the adambulacrals, which in oifreti reach th< 
;y of the ray, and are only about half as large as the seconc 
In glyptodi8ca all the prominent abactinal plates and all th( 
Is of both series are naked centrally, and the small abactinai 
re much less tumid. The granules of the central part of th( 
plates are larger, in offreti^ than those near the margin, while 
odisca the reverse is the case. A comparison of figures will 
at the superomarginals of glyptodisca are much larger ii 
on to the width of ray, and the abactinal area much narrowei 
offreti. Finally, oifreti has 2 adambulacral spines whili 
*>Bca has 8. 
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Fromia ccmceUata Grube (Fiji Islands, according to Sladen) has 
ft very characteristic appearance. The rays are broader than in 
glyptodisca and each has 6 regular spaced transverse series of cen- 
trally bare plate& The superomarginal plates are alternately large 
and small, the latter being wholly granulated, the former only about 
the periphery. The larger plates correspond to the interval between 
the transverse series of tumid plates. 

FranUa kuhlii Muller and Troschel (Java) is insufficiently de- 
scribed. The abactinal plates are small, and irregular as to form and 
arrangement. Among them are larger, more convex isolated plates 
naked centrally. The marginal plates are large, and presmnably 
covered with granules. The relation of B to r is as 5 to 1, hence the 
ray is longer than in glyptodisccu 

Genus FROMIA Gray. 

Fromia Gbat, 1840, p. 286. Type, F. milleporella (Lamarck). 

KBT TO THE 8FBCU8 OF FROMIA HBBIIN IHBSCUBBD. 

a\ Snperomarginal plates of distal half of ray large and ss&all alternating; 
granules surrounding papular pores, larger than the others. 

japonica, p. 878. 
a\ Superomarginal plates not large and small, alternating. 
h\ Abactinal plates of proximal half or two-thirds of ray in regular longi- 
tudinal series; marginal plates very regular, most of them longer 
than wide ; rays slender ; furrow spines 2 or 8, subambulacral spines 2 ; 

actinal pedicellariae eusticha, p. 876. 

h\ Abactinal plates not in regular series. 
o\ Most of the marginal plates with 1 or more central enlarged tubercular 
granules ; rays slender, about 8 times as long as width at base. 

hemiopla^ p. 877. 

0*. Marginal plates without central tubercles; rays usually about 2 to 2} 

times as long as width at base nUUeporeUOf p. 878. 

FBOMIA JAPONICA Pwrfar. 

Plate 106, fig. 4 ; plate 106, fig. 2 ; plate 107, figs. 1, 7. 
Fnmia japonioa Perehs, 1881, p. 14; 1884, p. 227, pi. 4, fig. 2 (Japan).— 

De Lobiol, 1891, p. 81 (New Caledonia). 
Fromia major Koehleb, 18d6, p. 339, pi. 9, flga 3 and 4 ; 1910a, p. 140 ; 19105, 

p. 283, pi. 16, fig. 7, pi. 16, figs. 6 and 7. 

Notea an PhUippifie specimens. — ^Through the kindness of Dr. 
H. L. (}lark I have been able to examine the type of Perrier's Ffomea 
japonioa, No. 743, Museum of Comparative Zoology, and have com- 
pared it directly with the specimen from station 5159. The type of 
Eoehler's Fromda major is considerably larger. The major radius 
measures 55 mm., while that of the type of japomca is 32 mm* I do 
not think the two forms are specifically distinct. The slight differ- 
ences which may seem apparent from a comparison of tiiQ figures 
and descriptions are more than covered by the variations shown by 
18434— Bnll. 100—19 25 
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I Philippine examples. Doctor Koehler does not compare maji 
[ japonica in the references given above. 

le example from station 5251 is remarkable for having numeroi 
lal pedicellariae (resembling split granules with from 2 to 
) from 3 to 6 times the diameter of the actinal granules. Thes 
argest and most numerous in the actinal interradial areas and e: 
about half the length of the ray, bein^ found on the actinal intei 
iate plates, with a very few also on the proximal inferomarginal 
"e are 2, 3, or 4 furrow spines in this specimen and 2 subambul 
1 spines (often 3 proximally ) . When there are 3 the middle spii 
e longest, and when there are 2 usually the aboral is the longei 
the distance of about 6 inf eromarginals from the end of ray onl 
bambulacral reaches any size. The outer edge of the plate i 
pied by 1 (or occasionally 2) series of 4 to 6 granules, or granule 
pedicellariae, the former being uniform in size with the actins 
ulation (pi. 92, fig. 2). 

the specimen from station 5159 there are 3 furrow spines at th 
of the ray, then either 2 or 3, and finally only 2 on the oute 
or third of the ray. There are usually 2 subambulacral spin© 
,doral a trifle the larger, but near the end of the ray frequent! 
1 reaches any size. External to the subambulacral spines, whicl 
iattened, slightly tapering, round-tipped, and a trifle shorter am 
er than the furrow spines, are 2, 3, or even 4 longitudinal serie 
anules belonging to the adambulacral plates. In both specimen 
nouth spines are longer than the corresponding adambulacrfl 
>s, and instead of being blunt are sharp. The granules surround 
he papular pores are only a trifle larger than the others. 
omia monilis Perrier (1875, p. 179) has never been figured, ani 
or Koehler did not see the type when working up his Indiai 
rial (1910a, p. 140). No one has compared it, therefore, direct!; 
F. Tnajor or F, japaniccu It apparently has alternating larg 
small superomarginals and a narrow abactinal area. In faci 
escription fits japonica fairly well up to the adambulacral plates 
(i have 2 furrow spines and regularly a single subambulacral 
[i is described as being much larger than the furrow spines 
drical, and terminated by an obtuse point. These spines, isolates 
ich plate, form the second row. On the distal half of the ra; 
e type of japoruca there is only one subambulacral spine, but i 
)rter and thicker than the furrow spines. 
ymia japonica differs from F. mUleporeUa in having longer an< 
erer rays, regularly alternating large and small superomargina 
3 (at least on outer part of ray), and slightly larger granule 
unding the papular pores, 
p^.— No. 743, Museum of Comparative Zoology. 
pe-locality, — Japan. 



Digitized by LjOOQ IC 



8TAHFISHES OF THB PHILIPPIKE SEAS. 375 

Distribution. — Japan, Mindanao, Sulu Archipelago, Billiton, Kei 
Islands, to 20 fathoma Also reported by Koehler (1910«, p. 140) 
from Indian region (" station 148, 15 to 30 fathoms," no locality). 

Specimens ea^mined. — ^Two: 

Station 5159, off Tinakta Island, Tawi Tawi Group, Sulu Archi- 
pelago, 10 fathoms, coral sand. 

Station 5251, Gulf of Davao (off Linao Point), Mindanao, 28 fath- 
oms, coral. 

FBOMU BU8TICHA FIAcr. 

Plate 95, fig. 2 ; plate 106, fig. 1 ; plate 106» fig. 1 ; plate 107, figs. 8, 5. 
FronUa eusticha Fisheb, 1913c, p. 213. 

Diagnosis. — Differing from typical F, miUeporeUa in having 
longer slenderer rays, more regularly arranged abactinal plates, only 
2 adambulacral furrow spines on distal half of ray, and abundant 
actinal pedicellariae. R=41 mm., r=8.5 mm., R=:4.8 r, breadth of 
ray at base, 9.5 mm. Rays slender, evenly tapering, abactinally 
plane; disk slightly convex; marginal plates very regular, mostly 
longer than wide, regularly decreasing in size, not alternate large and 
small; abactinal plates, roundish or hexagonal, sometimes with 
faint indication of lobing, arranged in quincunx in regular longi- 
tudinal series;* actinal plates in 3 regular series at base of ray; 
adambulacrals with proximally 3 rather narrow furrow spines, 2 
distally; 2 subambulacral spines and 1 to 3 subambulacral pedicel- 
lariae. 

Description. — Abactinal plates in 5 fairly regular longitudinal 
series at base of ray, becoming reduced to 3 at the middle, the plates 
of the lateralmost series being there quite small. Three series per- 
sist to near the tip, the last 2 or 3 superomarginals being separated 
by only a single series. While the plates form fairly regular longi- 
tudinal series, they do not form transverse series as in Nardoa send- 
reffulariSj but are arranged in quincunx. Each carinal plate borders 
on 6 other plates — 2 plates of its own series and 2 of each adradiaL 
Sometimes there is a slight break in the regularity, and a carinal 
plate is surrounded by 5 or 7 abactinal plates, roundish or hexagonaL 
Papulae single, at the comers of the plates. The plates are nearly 
flat on disk and proximal half of ray, but become slightly convex 
on outer third. Granules of abactinal surface polygonal, close-set^ 
fairly uniform, not larger in center of plate, about 8 or 10 in the 
transverse diameter of a carinal plate. Granules surrounding papu- 
lar pores unequal, some of them a little larger than the granules of 
plates. 

Superomarginal plates, 18 ; beyond the third, longer than high, but 
last 4 broader than high, the upper margin rounded and with 1 to 4 
shallow notches (opposite papulae). Superomarginals encroaching 
conspicuously upon abactinal surface. Inferomarginals 20, the first 
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ler than long, the second to sixteenth longer than wide, them 
ler than long. Marginal plates slightly convex, the last 4 to 
her conspicuously so and the granules instead of being flat-toppe 

convex, and conspicuously larger on the middle of plate tha 
'ders. On the other marginal plates the 1 to 8 marginal series c 
jiules are slightly smaller than the rest Proximally a few intei 
rginal papulae. 

Lctinal intermediate plates very regular, forming transverse seri^ 
vrell as longitudinal. Series adjacent to adambulacrals rectangi 
, wider than long, and reaching to within 8 or 4 marginal plat< 
tip of ray. Secondaries composed of square plates about tw( 
rds as large as those of first series and extending three-fourQ 
gth of ray. Third series reaching one-fourth length of ray, con 
led of about 6 or 7 plates. Two intermediate plates correspond 1 
nferomarginal. Two series of actinal papular pores. Actinj 
nules increasing in size toward furrow. On proximal half ( 

there are rather abundant granuliform, 2- or 8-jawed pedice 
iae, from 2 to 5 times the diameter of adjacent granules, and u] 
rd of 10 to a plate (inner intermediate series). Figures will gii 
etter idea than description of these pedicellariae. 
Ldambulacral plates a little wider than long. Furrow spines 
proximal half of ray, usually 2 on distal half, rather heavy, blun 

median of 8 untapered, the laterals sometimes slightly tapere 
t)ambulacral spines 2, the aboral frequently slightly the longe 
h shorter and heavier than the furrow spines. Near the tip < 
, the aboral spine only reaches any size. External to these is 
ies of 8 or 4 large granules, then usually an irregular series < 
eral small granules. In the first series there are frequently 1 < 
edicellariae, with sometimes a third external to these. In such a 
nt each jaw of a pedicellaria, in a way, replaces a granule, 
ilouth plates with an unpaired sharp, slightly curved tooth at tl 
er angle (a pair on 1 plate) and 4 or 6 dmilar toothlike spin 
ng the straight furrow margin. There are usually 2 similar sul 
1 spines, all by their difference of form contrasting with the fir 
imbulacral spine. 

^dreporic body circular, situated its own diameter distant fro 
ler border of marginal plates. 
^ype.—Cfit. No. 82687, U.S.N.M. 

Vype-locaUty. — Station 5146, vicinity of Siasi, Tapul Group, Su 
chipelago, 24 fathoms, coral sand, shells; 1 specimen. 
distribution. — Kjiown only from type-locality. 
Remarks. — The exact status of this form is difficult to determii 
ing to there being but one specimen. It differs from F. japoni 
1 F, monilis in having regular, uniform superomarginals, n 
dmately large and small ones. F. maniUs has but 1 subambul 
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end spine, longer than the 2 furrow spines. F. balansae is a thickset 
form with less regular, more tumid abactinal plates, which, judging 
from Perrier's description (1876, p. 178) and Koehler's figures (1910a, 
pL 18, figs. 7 and 8) does not differ very markedly from yariations of 
F. mUleporeUa. F. ewticha differs from F. andamanensi8 in having 
slenderer rays, regularly arranged abactinal plates, large marginal 
plates, and a different adambulacral armature. 

I might add that the presence of pedicellariae forms a distinguish- 
ing characteristic if I were certain that these are constant A speci- 
men t>f F. japomca herewith recorded is supplied with similar pedi- 
cellariae. 

FBOBOA HEMIOFLA FUlMr. 

Plate 95, fig. S ; plate 106, fig. 2 ; plate 106, fig. 8 ; plate 107, figs. 2, 4. 
Fromia hemiopla Fisheb, 191Sc, p. 214. 

Diagnosis. — ^Differing from F. armcUa Koehler (Andaman Is- 
lands) in the absence of abactinal conical tubercles, and the slighter 
development of the marginal tubercles; differing from F. mUle- 
poretta in having 1 or more tubercular granules in the center of 
the marginal plates of the distal three-fourths or half of ray, in 
having slenderer rays, and broad, but thin, spatulate furrow spines. 
It=36 mm., r=9 mm., B=4 r ; breadth of ray at base, 10 mm. 

Description. — ^Abactinal plates irregular as to form and arrange- 
ment, convex, the granules small, not crowded, even a trifle spaced 
and usually very slightly larger on middle than periphery of plate. 
Granules surrounding pores not larger than others. 

Marginal plates convex, the granules increasing in size toward the 
center, where the plates of at least the distal half of ray bear 1, 2, 
or even more enlarged tubercular granules, there being as high as 
5 to 10 on the distal marginals of the type. The first half dozen 
plates usually lack a tubercle, and the tubercles become a trifle more 
prominent as the end of the ray is approached. Superomarginals 19 
or 20 ; inf eromarginals about 28 or 24. Here and there in the supero- 
marginal series a small plate is wedged between 2 large ones, but 
there is no regularity of occurrence; the small plates may be entirely 
absent A series of rather prominent intermarginal pores is present. 

One series of slightly tumid actinal intermediate plates extends 
three-fourths the length of ray; another series about half, and a 
third series, at the base of ray, comprises a few plates only. Proxi- 
mally 2 series of pores, becoming 1, which extends as far as the inner 
actinal intermediate series of plates. Granules of actinal interme- 
diate plates becoming slightly larger toward the center of plate 
where, distally, they are sometimes subtuberculate. 

Adambulacral plates with proximally 8 or 4, or near the end of 
the ray 2, broad, flat, subtruncate (spatulate) furrow Gfpines, the end 
of the series with a curved contour and part or all of the aBoral 
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I usually underlying the adoral spine of the succeeding plate 
mbulacral spines 2, sometimes 3, considerably shorter, round 
id, heavier but not broader than the furrow spines (thicker in i 
verse direction), and forming a straight series. External U 

are 2 or 3 granules larger than the succeeding. Part or all of i 
id series of smaller granules belongs to the adambulacral platea 
mth plates small with 4 or 5 acute marginal spines and 2 to ^ 
ar suboral spines. These are slightly longer than the corre 
iing adambulacral spines. 

idreporic body, subcircular or elliptical, slightly variable in size 
ted a little less than its own diameter from inner edge of nun 

plata^ 

7?^.— Cat. No. 32638, U.S.N.M. 

^pe-locaUty. — TonquU Island, Gumila Beef, south of Zamboangi 
lanao. 
strO)ution. — Sulu Archipelago, Mindanao and eastern Palawm 

ecimens examined. — Three; besides the type 1 from each of th 
wing localities : Tataan Pass, Simaluc Island, Tawi Tawi Qrou] 
Archipelago, coral reef. 

^rt Langcan, Dumaran Island, eastern Palawan, coral. 
myirks. — ^This form may turn out to be a variety of F. mSUi 
lla, although it shows decided similarities to F. armata Koehlei 
F, haUmsde Perrier. It differs from the latter in having nai 
r rays, tuberculate marginals, and spatulate furrow spines. Th 
h of the rays may be well within the possibilities of F. mUh 
Ua but they are longer than specimens from Samoa. 

FBOMU MILLKPOEBLLA (LuMrcfc). 
[sterias milleporella Lamabck, 1816, vol. 8, p. 258, No. 35. 
^romia milleporella Gray, 1840, p. 286. 

'^tributian. — Red Sea, Mauritius, Madagascar, Ceylon, to Same 
Fiji Islands, via the Moluccas and southern Philippines; Ne' 
donia; also Kyukyu (Liu Kiu) Islands, Japan. 
yecimen examined. — One from Babuan Island, Jolo, coral ree 
vmarks. — ^This specimen is small and imperfect. It does n< 
1 the characteristics of hendopla. 

Genua NARDOA Gray.' 

Tardoa Gray, 1840, p. 286. Type, N. variolata (Lamarck). 

lis old and well-known genus is greatly in need of a thorough p 

>n. A number of species have not been figured. Koehler hi 

ered a great service by his descriptions and photographs of se^ 

East Indian forms (1910a). 

uring a brief visit to London in 1914 I had the opportunity ( 

dining the specimens of Nardoa in the British Museum. I wi 

Blio Olstel, Naturgegchlchte deg Thlemichs, 1848, p. 176. Type, Melia variola 
irck). 
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able to compare several species, including the types of Perrier's N. 
gomophia and N. ohtusa. The latter is small and, I think, immature. 
It seems to be scarcely comparable with large specimens of other 
species. Perrier compares it with variolata^ but I could not see a 
close resemblance. Its relationship is with the strongly tuberculate 
forms, such as friamii and twrmiLoscL Perrier has also compared his 
gtMnopMa with aegypHaca^ a comparison which threw me entirely 
** off Uie track " until I saw the type. It does not resemble aegyptiaca 
at aU but closely resembles novae-caledoniae^ judging by the speci- 
mens of the latter in the British Museum, which Perrier himself men- 
tions (1875, p. 164) and presumably identified. 

Dr. H. L. Clark kindly loaned me a number of specimens which 
he collected at Mer (or Murray) Island, Torres Strait. These have 
been most valuable, and three are figured on plate 108 together with 
a specimen of variolata (No. 838, Musemn of Comparative Zoology) 
from Mauritius. I am not at all certain of the identification of the 
specimen figured on plate 108, figure 2, which I have called novae- 
caledandae. Without a photograph of the type, or an authentic speci- 
men for comparison, any identification of this species must be re- 
garded as tentative. 

The few notes I was able to make in London are included in the 
following synopsis, which is in no sense intended as a revision of 
the forms studied, since much time and material will be required 
for that. I have suggested that N. finscM is synonymous with N. 
paucifaris. N. ohtusa is not included in the key, since it is too young 
to be comparable with adult examples of even its nearest relatives. 
Only such species as I have seen are in the synopsis. 

SYNOPSIS OF SOUS INDO-PACIFIC SPBCIBS OF NABDOA. 

«^ Abactinal plates very sUghtly convez to markedly convex, but not hifi^ 
enough to be considered hanlspherical or tuberculate. 
6\ Abactinal plates forming very regular longitudinal and transverse series; 

furrow spines 6 or 7 semireffularU, p. 888. 

b\ Abactinal plates not regularly arranged in longitudinal and transverse 
series. 
c\ Abactinal plates very mnch larger than the papular areas, elliptical in 
contour and usuall^r icith long axis of the ellipse transversely ori- 
ented. In specimen with R 68 mm. there are 5 longitudinal series of 
large alternating plates between the 2 rows of superomarginals ; 
adambulacral spinelets in 3 series, viz., 4 (or 3), 8, 8, the last granuti- 
form. Granules surmounting the depressed convex plates nearly 
uniform in size, polygonal, close-set, and 2 or 3 times the size of the 
the granules in the depressions between the plates.^ 

variolatus Gray (pi. 106, fig. 4). 

^From Gray's specimen, Maurltiiis. The laye are shorter and blunter than in any 
otiier species in tills section, and are not so tapered as those of species under C 
BaHSS msL, r»18 or 14 mm., B-^-aboat 6 r. The specimen llgared (pi. 108, fig. 4) Is 
tnm Maoritlus (No. 838, Mns. Comp. ZoOl.) 
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\ Abactinal plates not ordinarily oriented transversely and in specimen 

with R abont 70 mm. there are 7 to 10 rows of primary abactina 

plates (always more than 5). The plates are smaller and ronndist 

but conspicuoasly larger than the papular areas, and those of disU 

third of ray are markedly small and close-set Adambulacral armatur 

in 8 series. 

c^, Abactinal plates in 7 rows on basal third of ray, but fewer and ii 

regular distally; no intermarginal or actinal papulae; abactiiui 

papular areas with granules conspicuously larger than the rest 

furrow spines about 6 aquamiOosa, p. 88S 

d*. Abactinal plates 7 to 10, counting across ray, much larger than pai 

ular areas (whose granules are subequal to or smaller than those o 

plates) ; an intermarginal series of papulae and an Incomplete serie 

of actinal intermediate papulae; furrow spines 8 or 4. 

6^. Rays longer, slenderer, tapering to an attenuate, rather sharp, ei 

tremity ; R= about 6 to 7 r; abactinal plates nearly plane, or onl 

faintly convex, their contour excavated by the papular areai 

forming short irregular lobes (which can be seen only when tb 

plates are denuded) lemofmieri, p. 88S 

6*. Rays shorter and thicker, not especially attenuate at the tip; I 

variable, but about 6 r; abactinal plates markedly convex, tb 

primary plates without lobes or with only very faint lobing. 

f. Abactinal plates a little larger and more convex, especially o 

disk ; granules relatively larger on the convex part of the al 

actinal plates, and abruptly larger, by 4 or 5 times, tha 

granules of Interstices between plates ; adambulacral armatnrt 

8, 8, 8, or 4, 8, 8 ; contour of plates of type, unknown (see foo 

note) "ffamophia" Perriei 

f. Abactinal plates by direct comparison a little smaller and a littl 
less convex; rays slightly longer and a little more attenual 
distally ; granules of the convexity of plates smaller and gradin 
more gradually into the smaller granules of margins of plati 
and papular areas . novae-caledaniae Perriw 

le dUrerences between ffomophUt and novae-^yoMofUae are rather dUBcolt to ezprei 
cey, being somewhat nibtle. I have, of ooane, relied upon the correctnees of tl 
which deeignates Perrier'a type in the British Museum— or, rather, upon tl 
atidty of the specimen. Perrler compares his specimen to Nardoa aegyptUiea 1 
Uowing manner (1876, p. 167) : 

eziste dans la collection du British Mustiim un bel dchantiUon d*ane espftce i 
vter trSs volilne par sa forme et son aspect ginSral des Indivldns de grande tail 
iptee prScMente [aegifpHaoa] ; none propoione de lol donner le nom de Beiftoiti 
)h4a en souvenir dn nom de genre crtf par Oraj pour eeUe-cL" 
; the type does not particularly resemble V, MpypMooo. It is, on the contrar 
dose to the specimens of N. now»e-oaledotUa§ mentioned by Perrler (1876, p. 164 
ng in the British Mueeom. I think the nameg refer to a single species. 
> type of oamophia measores : B— 71 mm., r«18 mm., breadth of ray at base, 1 
mm. The MSr Island specimen measores : Bi»79 mm., r— 18 mm., breadth of n 
le, 14 or 16 mm. 

I type-locality of both species is New Caledonia. 

ave figured (pi. 108, fig. 2) a specimen taken by Dr. H. L. Clark at M6r (Mum] 
I, Torres Strait. I do not feel at all sure that this is really If. novoe-caledaniae, bi 
ns at least pretty close to that species. As will be seen from the figure, it resemb]< 
Ota, but the abactinal plates are round instead of emptical, and those of the diet 
it the ray are much smaUer and close-set The primary abactinal plates show 
!aint lobing, although a few plates are nearly entire. The adambulacral armttu 
B, 8, or 4, 8, 8, and a series of actinal intermediate papulae extends a Uttle ot< 
he length of the ray. 

le chief differences between the type of "21^. gomopMa'* and the British Moteu 
nens of novae-caledoniae are mentioned in the key. In gomopMa the rays are a litt 
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e*. AbactiDal plates small, nnmeroos, irregular, scarcely at all convex, 
subeqnal to or slightly larger than the papnlar areas and 10 to 18 
or even more between the snperomarginals, counting across ray at 
base ; abactinal granules increasing slightly in sisse toward center of 
plates, where they are about twice as broad as in the intervals be- 
tween. 
<f . Abactinal plates larger, 9 to 11 across ray at base, those of the 
distal third smaller and more crowded than over rest of ray, form- 
ing thus a rather definite distal area distinguishable from the prox- 
imal two-thirds; a definite series of papular areas between the 
inferomarglnals and the actinal intermediate plates (of which >there 
is a single series extending to end of ray). 

moUi8^ de Loriol (pi. 108, fig. 1). 
d*. Abactinal plates smaller, the smallest of any known species, at least 
12 or 18 across ray at the base, those of distal third or fourth 
small and crowded, but the area not differentiated at all conspic- 
uously from the rest of the abactinal surface; lateral abactinal 
plates abruptly much smaller than the regular superomarginals. 
which are thus very conspicuous, a iSeries of fairly large intermar- 
ginal papular areas but no* series of actinal intermediate papulae, 
although 1 to a very few areas sometimes occur sporadically at 
base of the ray; a single series of actinal intermediate plates 
extending to the end of the ray; adambulacral armature: 8 (or 4), 
8, 8 paucifaris* (von Martens), pL 108, fig. 8. 

shorter and less attenuate at the extremity ; the abactinal plates are slightly more con- 
▼ez, and the granules are abmptly larger than those of the papnlar areas and interspaces 
between the plates — about 4 or S times greater. In novae-oaledoniae the granules of 
Uie convexity of the plates are actually smaller by direct comparison (about one-half to 
two-thirds as broad) and they grade more gradually into the small granules. In novae- 
MMoniae the length of the ray Is variable, among the British Museum specimens at least. 

* See de I#orial, ISSl, p. 20, pL 8, flg. 4 ; New Britain. The specimen figured (pL 108. 
4fi I) was eolleeted by Dr. H. L. Clark on MSr (Murray) Island, Torres Strait 

•Probably identical with pauoiforia is Nardoa flnwhi de Loriol, 1891 (p. 28, pL 2, 
flf. 4, 4th-if). De Loriol compares his new species with N. siollfo and N. novae-coledimiQe, 
He says : " Dans le ^ardoo Novae Oatedoniae Perrier, les oasicnles sent plus sailliants, 
plus d^elopp^ plus serr^ les deux series de chaque cOte de la face ventrale sont moins 
dUEirentes de tallle, les aires porlftoes sont blen plus petites relatlvement aux ossicles, 
le disqne est plus grand avec un plus grand nombre de plaques intercal^es dans les 
cipaces interbrachianx de la face yentrale, les piquants ambulacraires sont dilferents.** 

Judging by de Loriol's figure of flneoM, the abactinal plates are considerably smaUer 
than those of novae-ealedoniae, and the whole animal resembles more nearly the British 
Museum specimens of pauotforia. In an example of paueifofU (pi. 108, fig. 8), or what I 
beUere to be this species, from M6r (Murray) Island, Torres Strait, kindly loaned by Dr. 
H. L. dark, the adambulacral armature closely resembles that figured by de Loriol. The 
farrow spines are proxlmally 4, then 8, with 2 or 8 heavier spines in the first subambu- 
laeral series, and 8 or 4 granules, abruptly larger than the actinal granulation, in 
the third series. 

LimeMa pamoijorie yon Martens, 1866, p. 69. ''FOnf platte Arme, Scheibenradlus 
nm Aimradfns wis 1 : 61. Breite der Arme an threr Basis m ihrem Badius ■■ 1 : 4-0. 
HShe (an getrockneten) nur die Hftlfte der Breite. Furchen papillen der inneren 
Belbe 8, soweUen 4 auf Jeder Platte, flach, gleich gross, nach anssen davon gleich 
hmge dldcere, Im Dnrchschuitt drei-vlelecklg, in swei verworrene Beihen gesteUt, all- 
mlhlich in die Granulation der Bauchseite libergehend. Sine Reihe kleinerer PlAttchen 
ta der Banchseite nach aussen yon diesen Furchenpapillen, dann swel Beihen doppelt 
so grosser Flatten. Platten der Blickenseite wieder nur halb so gross, rundlich, nicht 
b Beihen gestellt; Granulation auf Btlcken- and Bauchseite gleichmassig. Porenf elder 
auf der Bflckcnseite sablreich swischen den Platten yertheilt, Jedes nur 4-6 Poren 
eathaltead ; Madreporenplatte einfach. 

Farbe (der trockenen Bxemplare) hell gelbbraun. Armradius bis 100 MilL 

Issel Adenare bei Flores. 
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i of the abactinal plates nearly or quite hemispherical, while others ai 
B markedly convex; or else plates variably convex and some otha 
:e and there in the form of hemispherical, subcylindrical, or subconla 
»ercles, as high as their breadth at base. 

actinal tubercles very prominent, acorn-shaped, or conical with the tl 
>are (rarely completely granular). Only 1 row of subambulacral splnei 
he granules on outer part of adambulacral plates being equal to thofl 

►f the actinal surface aeoyptiaca Graj 

actinal tubercles entirely granular; outer granules of adambulacn 
)lates larger than adjacent actinal intermediate granules, so that in 
neasure the adambulacral armature grades into that of the actinal sni 
'ace. 

U)actinal plates very numerous, more nearly equal, some more coe 
spicuously convex than others, the most prominent, hemispherica' 

but not so high as wide tuberoulata^ p. 38^ 

U)actinal plates very unequal in size, larger ones forming thick sol 

conical or dome-shaped tubercles covered with granules. 
. Abactinal tubercles numerous, 30 or 40, more cylindrical in form. 

frianti, p. 38 
'. Tubercles fewer, usually about 10 to 15, some of the larger subelllpt 
cal and oriented transversely, relatively larger than in friafUi, low< 
in proportion to width, and evenly rounded or dome-shaped. 

tumulo9a. p. 88 

NARDOA LBMONNIBRI KoOltr. 

Le Monnieri Koehleb, 1910a, p. 161, pi. 18, flga 1 and 2. 

der^ has given figures and a detailed description. In th 
>ine specimen, R=110 mm., r=15 mm., R=7 r; breadt 
at base, 16 mm. to 20 mm. If the dorsal plates are denude( 
ontour is irregularly scalloped and short-lobed, the arcual 
ktions being on the margin bordering papular areas. Accorc 
Viguier's figure of .V. novae-caledoniae (1879, pi. 9, fig. 8 
sal plates are entire. The actinal series of papular areas, b 
;he inferomarginals and actinal intermediate plates comprise 
to 9 areas, and is therefore shorter than in the type. Thei 
lally 9 marginal mouth spines, and 6 in the parallel subon 

\4ocdUty. — Andaman Islands. 

nbutian. — Known only from Andaman Islands and Sul 

elago. 

imen examined. — Station 5159, Tawi Tawi Group, Sul 

elago (off Tinakta Island), 10 fathoms, coral sand; 1 specimei 

irks. — The nearest relatives of this species are A'', mollis d 

(New Britain), A^. novae-ccdedordae Perrier (New Caledonia 

gaiatheae Liitken (Nicobar Islands and Togean Islands, Cel 

y. gaiatheae is not well understood. It is near N. mollis 9n 

r to de Loriol, who mentions as the only differences that gaU 

> 1910O, p. lei, pi. 18, flgi. 1 and 2. 



Digitized by LjOOQ IC 



STABflBHES OF THE PHIUPPIKB SEAS. 383 

tkeae has 4 adambulacral spines in each of the 2 series, while in mollis 
there are rarely 4 in the furrow series, and 3 or 2 in the second series; 
and the rather negative character that Liitken does not describe the 
p^aliar condition of the distal abactinal plates of mollis. 

Eoehler has pointed out the differences separating N. lem/mnieri 
from N. novae-caledomae and N. moUis. The scalloped abactinal 
plates of the Albatross specimen will furnish a further distinguish- 
ing feature. 

NABDOA SQUAXULOgA Ko«U«r. 

Plate 105, fig. 5; plate ill, flg. 1. 
Nardoa squatMilosa Koxhleb, 1910a, p. 168, pL 1, fig. 8 ; pi. 15, flg. 7 and 8. 

The larger of the 2 specimens has B=41 mm., r=7 nmi., and 
despite slight differences I think both are referable to Koehler's 
species. The enlarged adambulacral granules are a trifle less con- 
spicuous than in the type. The distal marginal plates have a dis- 
tinct central tubercle surrounded by granules, and the central gran- 
ules of the distal abactinal plates are enlarged. The characteristic 
enlarged granules, of the papular areas number usually 4 to 8, 
although distally they may be fewer. The abactinal plates have 
ft or 6 short, usually overlapping, lobes. 

Type-locality. — Off Cape Negrais, Burma, 40 fathoms. 

Distribution. — ^Burma; Philippine Islands, 28 to 67 fathoms. 

Specimens examined. — ^Two : 

Station 5253, Gulf of Davao, Mindanao, 28 fathoms, coral. 

Station 5482, Surigao Strait, east of Leyte, 67 fathoms, broken 
shells, sand, green mud. 

NARDOA SEIOREGULARIS (MUtor uid T^mcImI). 

Plate 106, flg. 3. 

Soytaster aemiregtUaris Mthmm and Tboschel, 1842, p. 36. 
Nardoa semiregvlaris Sladen, 1889, p. 412. 

The specimen is small and is characterized by the great regularity 
of the abactinal plates which are arranged in transverse and longi- 
tudinal series. E=29 mm., r=5 mm., R=6 r; breadth of ray at 
base, 5 to 6 mm. There are 6 or 7 spinelets in the furrow series, 
and usually 5 in the second series, while the original description calls 
for but 4 furrow spines. In the Japanese form (Misaki) there are 
frequently 5, and sometimes 6 furrow spines. The distal abactinal 
plates are very regular, not irregular, but as only the carinal series 
occupies the outer third of ray, separating the superomarginal plates, 
it is likely that the regularity may be explained by the immaturity 
of the specimen. This would also account for the presence of but 
1 to 3 pores to each papulai* area. Near the end of the ray 1 to 2 
subambulacral granules to each plate are enlarged, as in N. sqiuxmu- 
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find this true also of the Japanese form, as well as of I 
ata^ N. aegyptiaca^ N. gomopMa^ N. frianti, and N. lemamUe 
ight extent). The character is not confined therefore to 1 
osoj nor to a few species only. 

species is readily distinguished from N. sguamulosa by tl 
regularity of the abactinal plates, and by the absence of tl 
I granules on the papular areas. It may be distinguish^ 

semiseriata (von Martems) by the abactinal plates formii 
transverse and longitudinal series. In N. semiseriata tl 
I plates are described as being arranged in quinoimx, wil 

papular pore at the comers of the plates. This strong! 
; the genus Narcissia^ in which semiseriata would seem to b 

locality. — Java. 

Imiion. — Java, Palawan, and (including the form japonia 
Sluiter ^ (1895, p. 61) records the species from the Molucca 
mens examined. — Station 5357, North Balabac Strait (soul 
^alawan), 68 fathoms, coral, sand. 

NARDOA TUBERCULATA Gny. 

Plate 110, fig. 1. 

oa tuberculata Gbat, 1840, p. 287 ; 1866, p. 15.— Sladen, 1889, p. 418. 

lOEHLEB, 1910a, p. 157, pi. 17, figs. 1 and 2. 

Hosier tuberculatus MthxEB and Tboschel, 1842, p. 32. 

ister iuberoulatu8 Pebrdsb, 1875, p. 157. 

on Philippine specimens. — Perrier ^ has described this sp 
Koehler (1910a, pi. 17, figs. 1 and 2) has already figured i 
Y important variation in the Albatross specimens is the pre 
8 examples (starred in the list of specimens) of numeroi 
ind abactinal pedicellariae. These resemble large split gra: 
he abactinal pedicellariae are found on the papular areas ai 
ral times larger than the small granules of the papular area 
spicuously larger than the granules on the convexity of tl 
v^hich exceed in size those of the sunken papular areas) . Tl 
pedicellariae are also larger than the granules, and are f out 
Qtermarginal papular areas, between the inferomarginal ai 
utermediate plates, and on the single series of actinal inte 
plates of the ray. Two small chevrons of actinal interm 
sites in addition to the complete series are present on the dis 
' the actinal pedicellariae have 3 jaws 
> Buton Strait specimen the abactinal plates are considerabl 
rex than in the Philippine examples and if it is really tube 
b is a variety intermediate between sections a* and a* of n 

^BUd. tot de Dierk. Kcnlnk. ZooL Genoot., All. 17. 
• 1875, p. 157. 



Digitized by V^OOQ IC 



8TAHFIBHBS OF THE PHILIFPIKJft 8BA& 386 

foregoing synopsis. Without an abundance of material it is prac- 
tically impossible to handle this genus with any degree of precision. 
In the specimen in question none of the plates is really tuberculate. 

In the Celebes specimen K=106 mm., r=about 18 mm., B=:about 
6 r; breadth of ray at base, 20 mm. The largest Philippine example 
(Port Binauga, Subig Bay) has the following measurements: B=91 
mm., r=:16 mm., B=6 r; breadth of ray at base, 18 muL 

In the United States National Museum collection there is a small 
q)ecimen bearing the number 8298 (and another number, 2100). 
There is no locality. This specimen has B, 48 mm. and on ihe abac- 
dnal surface are 25 to 27 prominent low-conical plates forming 
tubercular eminences among the others. Although larger than Per- 
rier's type of N. ohtusa this example resembles it and suggests the 
possibility that ohtusa is a young tuberoulata with the tubercules a 
little more prominent than usual. 

Type-locaUty. — ^Luzon. 

Distribution. — ^Philippine Islands (Luzon, Cebu, Surigao Sea, 
Masbate, Sulu Archipelago) to Buton Strait, Cdebes; Batjan^, 
Flores,^ Batavia,^ Amboina, New Guinea.' 

Specimens exwmimed. — ^Ten, from the following localities: 

Mariveles, Luzon, 2 specimens. 

Port Buanga, Subig Bay, Luzon, 1 specimen. 

*Tilig, Lubang Island, off Luzon, 1 specimen. 

*Port San Miguel, Ticao Island (off southern Luzon), shore; 1 
specimen. 

Camiguin Island, Surigao Sea, sand and coral; 1 si>ecimen. 

* Catanigan Bay, Masbate, 1 specimen. 

Tataan Pass, Simulac Island, Tawi Tawi Group, Sulu Archipel- 
ago, shore; 2 specimens. 

Great Tobea Island, Buton Strait (Cebeles), tide pools on coral; 
1 specimen. 

NARDOA FRIANTI Koehl«r. 

Plate 109, fig. 1; plate 111, fig. 8. 
VarOoa frianti Koehleb, 1910a, p. 158, pi. 17, figs. 8 and 4. 

Koehler has given a full description with figures. The Albatross 
specimens are nearly typical. It is to be noted here that the example 
from station 5190 has the granules, especially on the tuberosities, 
acorn-shaped and very slightly spaced, while on the other specimen 
the granules are flattish and closely crowded. The latter specimen 
has R=126 mm. and on the proximal third of the ray a series of 
papular areas have appeared between the inferomarginal and ac- 

^DUerleln, 1896, p. 819. 

'H. L. Clark, Boll. Mns. Comp. ZoOl., Tol. SI, 1908, p. 283 (Sorong, New Guinea, 
Tbomaf BartM>ar). 
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mediate plates, with 2 or 3 pores to each area. Tb 
etmple with B=72 mm. has a few of these small areas a 
the ray. 

aUty. — ^Andaman Islands. 
tian, — ^Andaman Islands; Sulu Archipelago. 
i>8 examined. — Two: 

5159, Tawi Tawi Group, Sulu Archipelago (off Tinakti 
) fathoms, coral sand ; 1 specimen. 
5163, Tawi Tawi Group (off Observation Island), 21 
>ral sand ; 1 specimen. 

NARDOA TUMULOSA FUher. 

Plate 95, fig. 9 ; plate 109, fig. 2 ; plate 111, fig. 2. 
iufn/ulo9a Fisher, 1917&, p. 90. 

!«. — In a general way resembling N. friamM Koehler ii 
>minent, large, hemispherical, abactinal plates, but thesi 
r and relatively slightly larger than in frianti^ lower ii 

to width and evenly rounded or dome-shaped. They ar 
) the abactinal surface and the proximal two-thirds o 
. of distal third of ray small, crowded, convex ; disk hi^ 
>0 mm., r=about 14 mm. R=6.4 r; breadth of ray at base 
sight of disk, 21 mm. 

ion, — ^The general form of this species, as well as the prin 
•ences between it and N. fricmti are shown fairly well b; 

The prominent tubercles number about 10 to 15 on eaci 
« confined to the proximal two-thirds of the ray. Eacl 
ominent plates is subcircular or elliptical (in which cas 
:is is transverse) and the edge of the plate is very sli^tl; 
larly lobed, each lobe articulating with one of the irregu 

and lower intermediate or secondary plates. The promi 
i are dome-shaped and lower in proportion to the widtl 
lose of fricmtL On the outer third of the ray the plate 
all, rather strongly convex, and oriented longitudinall; 
lie more prominent ones, which are irregularly elliptica 

The abactinal granules are largest on the tuberosities 
and close-set, gradually diminishing in size toward tb 
eas, where they are about half the diameter. The lowe 
bes also have the central granules enlarged. The papula 
mailer than the plates and in the type contain 15 to 3< 
in the smaller specimen only 6 to 10. 
cimal marginal plates are not at all globular as are som 
jromarginals in fricmti^ but are slightly convex, and th 
,nules are enlarged as in the case of the abactinal plates 
3 or 12 plates of both series frequently have the centra 
larged into a definite thimble-shaped tubercle, or ther 
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may be 2 or 3 such granules larger than the others. Some of 
the distal abactinal plates are so armed. A smgle series of small 
actinal intermediate plates extends about a third the length of ray; 
for the remainder of the ray the large inferomarginal plates are in 
contact with the adambulacrals. There is a series of intermarginal 
papular areas but no papulae between the inferomarginal plates 
and the furrow. In the type there is a series of a few intermarginal 
plates at the base of each ray. 

Adambulacral armature: Three or 4 furrow spines, blunt and 
usually irregularly 4-sided in section; back of these is a series of 
about 3 slightly thicker and much shorter, usually quadrate, 
truncate, or round-tipped granides; then a definite series of 3 or 
4 decidedly smaller granules, intermediate in size between the 
first series and the actinal granulation. The outer edge of plate is 
filled in with 1 or 2 irregular or angular series of granules identical 
with those of actinal intermediate and inferomarginal plates. 

Madreporic body small, circular, about midway between the mid- 
dle of the elevated disk and the lower edge of the superomarginal 
plates. 

Type.—CAt No. 37028, U.S.N.M. 

Type-loecblity. — Station 5160, off Tinakta Island, Tawi Tawi 
Group, Sulu Archipelago, 12 fathoms, sand ; surface temperature 82^ 
F. ; 1 specimen. 

Distribution. — Known only from Tawi Tawi and Jolo, Sulu 
Archipelago, 12 to 34 fathoms. 

Specimens exaanined. — ^Two, the type and 1 from station 5655, off" 
Cabalian Point, Jolo Island, 34 fathoms, coarse sand. 

Reworks. — ^There is a very slight possibility that this form may be 
the adult of Nwrdoa ohtusa Perrier (1875, p. 169). I examined Per- 
rier's type, in the British Museum. Perrier does not give measure- 
ments nor does he indicate that the specimen is small. The meas- 
urements are: E=35 mm., r=8 mm. The abactinal plates are nearly 
hemispherical and more prominent toward the end of ray than at 
the base. The adambulacral armature is: Furrow spinelets 4, then 
2 series of 3 granules each. I was able to compare this specimen 
with young vopnolata^ from which it differs in having 7 plates across 
the base of ray (5 in variolata), the plates circular in form, and the 
secondaries larger than in variolata. The type of ohtusa is from 
Siquijor, Philippines. 

The type of ohtusa has relatively blunter rays than the smaller 
specimen of turmdosa (R=63 mm.), and the tubercles are less 
prominent on the disk and the base of the rays. Just what obtusa 
would look like, if adult, is rather difficult to conjecture. A detailed 
comparison of the type with that of tumuiosa is therefore omitted^ 
because the specimens are not really comparable. 
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Geniis OPHIDIASTER Agassiz.' 

iioiter Aqassiz, Mtoi. soc. sci. nat Nencbatel, vol. 1, 1835, p. 19; 
[?ype, 0. apJUdiamu (Lamarck). 

KIT TO 8PICII8 OF OPHIDIASTBB MIRIIN DISCSIBU). 

r of some of the abactinal and marginal plates with 1 or more ei 
ed, tuberculate granules, or with single tubercles, or spines, 
mbulacral armature In 2 series, the subambulacral spine of irregoli 
currence; marginal and abactinal plates with conspicuous centn 

Ine, or serial tubercles /iMctM, p. 881 

mbulacral armature In 8 series. 

ipulae normally In 6 longitudinal series; plates with single centn 
tubercle; sheath of pedlcellarlae with margin of depression entlr 
not toothed or crenulate ; papular areas large (except in young spec 

mens) with 10-12 pores tuberifer, p. 891 

ipulae In 8 longitudinal series; plates with several enlarged tuberci 
late granules; sheath of pedlcellarlae with crenulate or tootbe 

margin ; papular areas small, with 3 or 4 pores trychnus, p. 39< 

[nal and marginal plates covered with a fine granulation without 

of central tubercles or spines; adambulacral armature in a doubl 

is on furrow, but the regular subambulacral spine lacking except i 

dimentary condition at end of ray dubiosui, p. 89 

OPHIDIASTER FUSCUS (Gray). 

S, figs. 5, 6ar-c ; plate 108, fig. 4 ; plate 104, fig. 1 ; plate 111, figs. 5, 6. 
itia fusca Gbat, 1840, p. 283 ; 1866, p. 18. 
lictster fu8cu8 Pebbieb, 1875, p. 182. 
ia megaloplax Bell, 18846, p. 126. 

e some notes and sketches of Gray's type and the specuner 
Jow appear to be fairly typical examples. The species ; 
it variable. In most cases the color is a striking combine 
^ Bougainvillea " purple and brown. The accompanying d( 

I and figures will probably be useful for a comparison wit 
slated forms, 0. Mrsutus Koehler, for example. 

'ption. — General appearance very similar to that of 0. M 
The abactinal and marginal plates are strongly convex an 
•egular series. The granules are smallest around the bord( 
I, increasing in size toward the center, where they are unequa 
them being more convex than others. The granules of tl 
areas are imequal in size, some being subequal to the gnu 
he borders of the plates, others 2 or 3 times as large. Tl 
: the abactinal and marginal plates bears either a stout con 
\ or a spine with 1 to several tubercular granules at the bas 
plates may bear 2 to 5 tubercles shorter than the spines. Tl 
pecimen from station 5641 is remarkable for having on pra 

II the abactinal and on many of the superomarginal plati 
% heap of upward of 9 or 10 imequal subcorneal or aeon 
enlarged granules instead of the spine. Most all the infer 

31stel, Natnrgeschlchte des Thlenelcbs. 1848, p. 176. Type, OMone ophidim 
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maiginal plates have the spine. Many of the abactinal and marginal 
plates have a large alveolar pedicellaria, sometimes 2, with a figure 
8 depression into which the jaws closely fit when open. The entire 
apparatus is two-thirds to three-fourths the length of plate. The 
jaws are semicircular with 8 to 10 fine teeth and narrow abruptly 
into a very slender stem. The alveoles have a smooth border; rarely 
with 1 or 2 indentations. 

Papular areas conspicuous, in 6 longitudinal series (none actinal). 
Each area is smaller than the neighboring plates and contains 7 to 10 
pores scattered among granules of diverse sizes. 

Adambulacral armature variable so far as the actinal spine is con- 
cerned. Each plate has 2 furrow spines, or in some cases 3 at the 
base of ray. These are flattened, truncate, and slightly hollowed or 
faintly grooved on the furrow face. The adoral spine is commonly 
broader at tip and the aboral narrower at tip than at base; the lat- 
ter appears to be slightly smaller. The subambulacral spine is thick, 
broadly lanceolate to subconical, blimt, and separated from the fur- 
row spines by 1 or 2 rows of granules. It is very irregular in oc- 
currence. At the base of the ray there is likely to be 1 to a plate 
(1 to every 2 furrow spines) , but farther along ray any number of 
plates may be skipped, so that sometimes only a very few are present 
throughout the whole length of the furrow. Its place is usually 
taken by a granule slightly larger than the rest. 

One series of actinal intermediate plates extends nearly to end of 
ray while a second series sometimes nearly reaches the middle. They 
are very slightly convex with slightly larger granules near the mid- 
dle than on the edge. A few pedicellariae may be scattered over 
the actinal surface or they may be entirely absent. 

Madreporic body large, but variable, subcircular with fine radiat- 
ing branching striae. 

Color in alcohol, light brown marked on the disk, base of rays, and 
by 2 cross bars on the rays, with a brilliant light pinkish purple. The 
specimen from station 5641 lacks purple and is mottled with darker 
brown. 
Type. — ^British Museum. 

Type-locality. — Migupou (probably a Philippine locality). 
DiatribuHon. — ^Philippine Islands (Gulf of Davao, Mindanao), 
Celebes, and northwestern Australia, to 39 fathoms. 
Specimens examined, — Six : 

Station 5248, off Lanang Point, Gulf of Davao, Mindanao, 18 
fathoms, coral; 1 specimen. 

Station 5251, off Linao Point, Gulf of Davao, Mindanao, 20 fath- 
oms, coral ; 1 specimen. 
Station 5252, same locality, 28 fathoms, coral; 1 specimen. 
Station 5253, same locality, depth and bottom; 2 specimens. 
13434— Bull. 100—19 ^26 
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Station 5641* off Kalmo Point, Buton Strait, Celebes, 89 &th(»Ds^ 
sand, shells; 1 specimen. 

Remarks, — ^Koehler (1910a, p. 149, pi. 18, figs. 6 and 6) has ck- 
scribed a very closely related form, 0. Mrsutfis from the Andaman 
Islands, 11 to 25 fathoms, which may prove to be but a race of fuscui. 
It lacks pedicellariae and has an inconspicuous actinal intermediate 
series of papulae at base of ray, as well as a few other minor diffe^ 
ences, including color. 

I have examined a specimen of Lmokia megaloplax from the Akri 
collection (Museum of Comparative Zoology) and I think it is Ten 
probably the same as OpMdiaster fuscua. 

OPUIDIASTEB TBTCHNU8 Flalier. 

Plate 84, fig. 5; plate 95, figs. 6, OohI; plate 108, figs. 2, 8; plate 107, fig. & 
OpMdia%ter trydhnus Fisher, 1918c, p. 215. 

Diagnosis. — Differing from O. pusUhis Miiller and Troschd in 
having the papulae in 8 longitudinal series, and the central granules 
of the abactinal, marginal, and actinal plates enlarged, and sobtn- 
berculate on outer part of ray, and in having the pedicellaria sheatlis 
toothed, not entire ; differing from O. tuberifer in having 8 longi- 
tudinal series of papular pores, much larger and broader pedicel- 
lariae, with the sheaths toothed, not entire, and in having a number 
of enlarged granules on the plates, not a single conical tuberde of 
predominant size. R=19 mm., r=4 mm., R=about 5 r.; breadth of 
ray at base, 5 mm. Bays cylindrical, only very slightly tapering, widi 
a blunt extremity capped by a dorsal, convex, roundish terminal 
plate. 

Description. — Seven series of abactinal and marginal subcordats 
plates, the adoral narrower end overlying the broader aboral end; S 
series, on either side, of smaller actinal intermediate plates, the inner 
extending to within 4 inf eromarginal plates of end of ray, the second 
extending nearly half the length of ray. Abactinal and marginal 
plates slightly tumid, each longitudinal series forming a low oonyex 
ridge, separated by relatively shallow, but very evident, furrows, con- 
taining the series of papular areas (8 in all). Granules slightlj 
spaced to contiguous, but not crowded ; very unequal as to size and 
form. Those covering papular areas are small and unequal, bni 
usually a little smaller than the pores themselves; next larger aie 
the granules between consecutive pore areas and along the transrerss 
margins of the plate, whence they increase very rapidly in size toward 
the center of plate, the greater part of whose area is occupied b; 
blunt, broadly subcorneal, unequal, sometimes tuberculate granules, of 
which 3 to 10 are of preeminent size, and either touch or are very 
slightly spaced, the groups being usually wider than long— that i^ 
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transversely oriented. These granules increase slightly in length on 
the outer part of the ray, especially on the marginal plates, 1 to 4 
having the form of blunt conical tubercles. On the actinal inter- 
mediate plates the granules are also unequal, several in the middle 
of plate being subtuberculate and only a little smaller than the adja- 
cent outer series of adambulacral tubercles. At the base of the ray 
8 or 9 granules can be counted across the widest part of the plate. 
Terminal plate dorsal in position, subcircular, or a little wider than 
long, convex, with 2 or 8 tubercular prominences in a transverse series. 

Belatively large 2-jawed excavate pedicellariae occur in very vari- 
able numbers on the abactinal, marginal, and actinal intermediate 
plates. They are more numerous in the cotype than in the type, 
there being 1 or sometimes 2 on a majority of the plates. The form 
into which the jaws fit when open is of the usual figure-8 shape, 
obliquely and longitudinally oriented, and is nearly as long as the 
plate. Each jaw is broadly spatulate, semicicular distally, broader 
than in O, germami^ and has 4 or 5 relatively large teeth with corre- 
sponding indentations on the edge of the form. In well-formed pedi- 
cellariae the diameter of distal expanded part of the jaw is about that 
of the large granules. The alveolar " form " is excavated from the 
plate itself and has a conspicuously elevated rim. The exact form 
is best seen from the figure (pi. 95, fig. ^Or-V). 

Abactinal papulae do not reach the end of ray, but the intermargi- 
nal series comes within about 8 superomarginal plates of the tip. 
Actinal intermediate series extends about half the length of ray. 
Abactinal and intermarginal papulae, usually 8 to an area; actinal 
intermediate papulae, 8, 2, and 1. 

Adambulacral plates wider than long, obliquely oriented; furrow 
spines 2 flattened, the adoral broadly spatulate, roundly truncate, 
about twice as long as breadth at tip, the aboral slightly shorter, 
much narrower, slightly tapering, and blunt. Forming a transverse 
oblique, adorally trencHng series with the larger furrow spine, and 
without intervening granules, is first a shorter compressed, broad, 
round-tipped granule, then a longer, much thicker ovoid or acorn- 
shaped slightly flattened tubercle, about as long as the larger fur- 
row spine, but much more conspicuous. Between these consecutive 
transverse series is a transverse series (occasionally 2) of elongate, 
bluntly pointed granules; and external to the series of tubercles is a 
leas regular series of shorter actinal intermediate tubercles, inter- 
spersed with a few longitudinally oriented pedicellariae. The outer 
adambulacral tubercle is directly behind the median, and that is 
nearly opposite the interval between the adoral larger spine of one 
plate and the aboral spine of the adjacent (adoral) plate. This is 
due to the oblique orientation of the plates. 
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Madreporic body large, with irregular, branched, centrifugal striae. 
It is situated on the adradial series of plates, nearer to margin than 
to center of disk. 

Anal aperture surrounded by about 6 subtriangular granules, larger 
than the other granules. 

ryp6.— Cat. No. 32639, U.S.N.M. 

Type-locality. — ^Port Palapag, north coast of Samar; no record of 
depth or bottom, but probably collected on reef; 2 specimens. 

Distribution. — Samar and vicinity, to 67 fathoms. 

Specimens examined. — ^The types and a very small specimen, prob- 
ably belonging to this species from station 5482, Surigao Strait, east 
of Lej-te, 67 fathoms, broken shells, sand, green mud. 

Remarks. — ^This species is distinguished from the great majority 
of Ophidiasters by having the adambulacral armature in 3 series. 
It seems to require comparison chiefly with 0. pusiUus Miiller and 
Troschel, from which it differs in having the papular areas In 8, 
not 6, longitudinal series, in having the sheaths of the pedioellari&e 
toothed to correspond with the serrate blades, not entire as described 
by Perrier (1876, p. 131). The granules are more tuberculate on the 
center of the plates, especially the marginals, and the inner sub- 
ambulacral spine is opposite an interval between 2 furrow spines, 
whereas in pusUhis Perrier states that this spine is opposite the 
smaller of the furrow spines. 0. pustulatus von Martens is described 
as having the furrow spines in S series, which would seem to ally it 
with the present form, but Doderlein (1896, p. 317) believes that this 
species is identical with O. purpureus Perrier, which is figured by de 
Loriol (1885, p. 14, figs. 3-3^). 0. pvrpureus has the adambulacral 
armature in 2 series, and furthermore is characterized by having a 
granule between the furrow spines (and facing the furrow), a fea- 
ture which it shares with O. cylindricus Miiller and Troschel and 
O. sqvmneus Fisher. If Doderlein is correct, O. pustvlatus is not 
closely related to O. trychnus. But aside from this, O. pustuUUus has 
longer rays (R=9 r) a more uniform granulation (not at all tubercu- 
late) , and less numerous subambulacral spines. 

The few Indo-Pacific species of Ophidiaster having the adambu- 
lacral armature in 3 longitudinal series along the ray may be briefly 
contrasted as follows : 

a\ Some of the abactlnal and marginal plates with a central tubercle, or sev- 
eral conspicuous tuberculate granules, especially on the distal port of 
the ray. 
6\ Excavate pedlcellariae present; subambulacral spines of a plate con- 
tiguous. 
&, Papulae normally in 6 longitudinal series; plates with single central 
tubercle; sheath of pedlcellariae with margin of depression entire, 
not toothed or crenulate; papular areas large (except in young speci- 
mens) with 10-12 pores 0. tuberifer Sladen 

' (Andaman Islands, Sulu Archipelago, Torres Straits). 
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(T. Papulae in 8 longitudinal series; plates with several enlarged tuber- 
culate granules; sheath of pedicellarlae with crenulate or toothed 
margin ; papular areas small with three or four pores. 

O. irychnus Fisher (Samar). 
&'. No pedicellarlae; subambulacral spines of a plate separated by granules. 

O. omatu8 Koehler (Ceylon). 

a\ Abactinal and marginal plates without tubercles or tuberculate granules. 

b\ Excavate pedicellarlae, with entire, not crenulate, sheaths; abactinnl 

and marginal plates not strongly convex and naked centrally. 

O. pu8iUu8 Mtiller and Troschel (New Caledonia, Philippine Islands). 

('. No pedicellarlae; abactinal and marginal plates tumid or nodose, with 

naked central area O. triseriatus Fisher (Hawaiian Islands). 

OPHIDIASTEB TUBERIFER Sladen. 

OpMdiaster tuberifer Sladen, 1889, p. 404, plate 65, figs. 1 to 4. 

Notes on Philippine specimens. — ^There are two specimens, one 
quite small and the other unusually large. Both differ from typical 
0. tuberifer^ but nevertheless seem referable to this species. The 
smaller example, with R equaling 20 mm., differs in one important 
respect from the type. In Sladen's specimens the papular areas are 
large, with 10 to 12 or sometimes more, papulae, but in the Philip- 
pine example there are only about three papulae to each area. The 
pedicellarlae are a little larger than in Sladen's figure, and many of 
the adradial plates are provided with a central tubercle. The gran- 
ules are also somewhat coarser. Whether these differences are racial 
or fall within the normal age or individual variation of 0. tuberifer 
can not be determined. The presence of six series of papular areas, 
and numerous pedicellarlae with smooth bordered sheaths, together 
with a triseriate adambulacral armature would suggest O. p'usUlus 
MuUer and Troschel, but so far as known tlftit form does not have 
central tubercles on any of the abactinal or marginal plates. In the 
specimen under consideration most of the marginal, carinal, and 
many of the distal adradial plates (as well as a few of the proximal) 
have a central tubercle, sometimes two. 

The measurements of the larger specimen (station 5147) are as 
follows: E=67 mm., r=9 mm., R = 7.4 r; breadth of ray at base, 10 
mm. The most important difference presented by this specimen is 
the irregularity of the adambulacral armature which is biseriate ex- 
cept for a short distance at the base of ray. The armature appears 
to be demoralized, as there is no regularity. Many plates lack sub- 
ambulacral spines altogether. When one is present it is usually sep- 
arated from the furrow spines by 2 rows of granules; when 2 are 
present, which is relatively seldom, a series of granules separates 
fliem, and also the inner from the furrow spines. The outer spine 
IS also smaller than in Sladen's figures. There are usually 2 but some- 
tunes 3 farrow spines, the adoral the largest. The carinal series 
lacks tubercles, as did Koehler's Andaman specimen. The granules, 
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pedicellariae, papulae, and general appearance indicate that this 
specimen is O. tuberifeVi or at most a variety. The papular areas 
are large and in 6 longitudinal series with upward of 18 pores to aa 
area on the disk, and 15 on the ray, the number decreasing toward 
the end of ray. 

The abundant pedicellariae would readily distinguish this speci- 
men from O. omatus Koehler, to which the granules between the 
subambulacral spines would suggest an alliance. The biseriate asd 
generally irregular character of most of the adambulacral armatnre 
does not at all conform to the triseriate separated armature of 
omatus. This specimen is certainly not normal. 

Type. — ^In the British Museum. 

Type-locality. — Challenger station 186, Torres Strait, off Cape 
York, 8 fathoms, coral mud. 

Distribution. — ^Torres Strait; Andaman Islands, 53 fathoma 
(Koehler) ; Thursday Island (Doderlein) ; Sulu Archipelago. 

Specimens examined. — ^Two: 

Station 5158, oflf Tocanhi Point, Tawi Tawi Group, Sulu Archi- 
pelago, 49 fathoms, coral sand, shells. 

Station 5147, 8.4 miles southwest of Sulade Island (near Jolo), 
Sulu Archipelago, 21 fathoms, coral sand, shells. 
« 

OPmniASTER DUmOSUS OEoeUer). 

Plate UO, fig. 2 ; plate lU, fig. 4. 
Linckia dubiosa Koxuleb, 1910a, p. 155, pL 18, fig. 10, 11. 

Notes on PMUppine specimen. — ^In the possession of a few excavate 
slender pedicellariae, tllis specimen differs from the type. The abac- 
tinal plates are a trifle more convex, and, as noted in the description 
below, there is present a rudimentary subambulacral spine or grannie 
near the tip of ray. Otherwise the specimen agrees very well with 
the description given by Koehler. To be sure the madreporic body 
is subtriangular, but that is always subject to considerable variation 
in this genus. 

The species may be characterized as resembling O. sderodermui 
Fisher and O. teneUus Fisher, but with more tumid and more regu- 
larly arranged abactinal and marginal plates, few or no pedicellariae, 
and no subambulacral spines, except in a rudimentary state at end 
of ray. 

The following is a description of the specimen : 

B=:55 mm., r=7.6 mm., 11=7.3 r; breadth of ray at base, 8 to 8i 
mm. Plates arranged in very regular longitudinal and transverse 
series. Abactinal and marginal plates roughly shield-shaped, nearly 
equal, separated by very regular series of papular areas, 6 in all 
Plates evenly convex, the sulcuses separating the Icmgitudinal ro^ 
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of plates being deeper than the transverse sutures* Papular areas 
much smaller than the plates, containing 8 to 5 pores; no papulae on 
addnal surface. Plates overlaid by a close covering of nearly uni- 
form small granules, about 20 in the diameter of a proximal carinal 
plate. They are very slightly smaller in the sulcuses between the 
plates. A very few alveolar pedicellariae with slender curved jaws 
are present on abactinal surface. They resemble the pedicellariae of 
<?. sclerodermm (Fisher, 1906, pi. 81, fig. 2). 

One series of actinal intermediate plates extends nearly to tip of 
ray, a second series about half length of ray, and a third series to 
about the fourth inferomarginal. These plates are covered with 
a close uniform rather fine granulation similar to that of the abacti- 
nal and marginal plates. 

Adambulacral plates with an apparently double furrow series but 
no subambidacral spine or granule until near the tip of ray. Proxi- 
mally the plates have 8 short, broad, subtruncate spinelets set slightly 
obliquely, so that 2 appear to be on the edge of furrow, and the third 
(which is the adoral) back slightly, partly behind the middle spine 
of its own plate and the aboral spine of the adjacent adoral plate. 
This spinelet is a little heavier than the other 2, which are marked 
by a shallow sulcus running the whole length. On the outer third 
of ray a fourth granule, subspherical, and similar to the adoral 
granule just spoken of, stands obliquely adorad of the latter and rep- 
resents apparently the true suboral spine. It forms with the median 
and adoral furrow spine (the latter being oflf the furrow margin) 
an oblique transverse series, usually without intervening granules. 
Throughout most of the ray, therefore, there is only the double fur- 
row series, the true subambulacral granule appearing in a rudimen- 
tary form at the end of ray. 

Madreporic body subtriangular, slightly nearer the margin than 
center and marked bv fine, irregular, radiating striae. 

Color in alcohol, light brown mottled with darker, the sulcuses fre- 
quently marked with darker brown. 

Type-locality. — ^Andaman Islands. 

Distribution. — ^Andaman Islands and Surigao Strait, to 67 fathoms. 

Specimen examined. — Station 6482, Surigao Strait, east of Leyte 
(4.5 miles southeast of Cabugan Grande Island), 67 fathoms, broken 
shells, sand, green mud. 

Remarks. — ^Despite slight points of diflference, such as the posses- 
sion of a very few pedicellariae, I think the Philippine specimen is 
referable to Koehler's species, the type of which is smaller (R=28 
mm.). This would partly account for the absence of pedicellariae. 

I have placed the species in Ophidiaster because the plates are very 
regularly arranged in longitudinal series, a few pedicellariae are 
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present very similar to those of 0. scleroderrrvus^ and lastly because 
near the extremity of the ray a rudimentary subambulacral spine or 
granule makes its appearance. I recall that the species presents 
several analogies to Linckia; it will not be surprising if the genera 
actually intergrade. 

O. dtAiasw resembles 0. rhabdotus Fisher (Hawaiian Islands) but 
the latter has an actinal series of papular pores (8 series in all) and 
large, spatulate subambulacral spines. O. aclerodermus Fisher and 
0. tenellus Fisher (Hawaiian Islands) and 0. tumescens Koehler 
(Aru Islands) are characterized by having no actinal papulae, bat 
all three are provided with well developed subambulacral spines. 
In fact the absence of these in O. dubiosus separates it from all 
other Ophidiasters. 

I have never seen Ophidiaster pwUbis (Miiller and Troschel) , but 
judging by Perrier's observations (1876, p. 128) that species resem- 
bles a Linckia. Perrier states that in certain respects its adambula- 
cral armature is intermediate between that of Linckia and Ophi- 
diaster. The pedicellariae have a different form to those of dubiofuSj 
being shorter and denticulate. 

Genus LEIASTER Peters. 

Leiaster Pexebs, Monatsber. d. k. preuss, Akad. d. Wiss. Berlin, Apr. 1852, 
p. 177. Type, L. ooriaoeu$ Peters. 

LEIASTBR ANALOGU8 FlOer. 

Plate 84, fig. 1 ; plate OS, fig. 7 ; plate 112, fig. 1. 
LeiMter anaXogus Fibheb, 1918o, p. 215. 

Diagnosis. — ^Resembling Z. coriaoeus Peters in having grooved far- 
row spines, but differing in having longer, slenderer rays, numerous 
pedicellariae, and the abactinal papulae in very definitely circum- 
scribed areas. Differing from other species of Leiaster in having 
channeled furrow spines. B=125 mm., r=18.5 dim., R=9 r; breadth 
of ray at base, 15 mm. Rays unequal, the longest 8.5-9 times as long 
as width of ray at base. 

Description. — General form closely resembling that of L. leacML 
Whole body overlaid by thick tough skin obscuring, unless dried, Uie 
outlines of the 4-lobed, smooth plates, which are arranged in regu- 
lar longitudinal and transverse series. There are 7 longitudinal 
series of abactinal and marginal plates, and on either side 2 series of 
smaller actinal intermediate plates, 11 series in all. Pedicellariae 
very inconspicuous unless specimen is dry ; after drying they become 
conspicuous. They are situated on the edge of the plates or on mar- 
gin of papular areas, and each consists of 2 very slender spatulate 
curved jaws which fit into smooth depressions of a roughly crescent- 
shaped calcareous piece, embedded in the skin. One to 4 of these 
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are present on most of the papular areas. Each apparatus is about 
one-fourth or one-fifth the transverse diameter of the plate in length. 
A few calcareous grains are scattered in the skin of the papular areas 
and can be seen only when specimen is dry. There are no granules 
whatever on surface of plates as in Z. leacML 

Papular areas slightly sunken, in 8 regular longitudinal series^ 
each area before drying appearing slightly larger than the adjoining 
plates; after drying, slightly smaller. Before drying the areas of a 
series appear to be nearly or quite confluent; after drying they be- 
come sunken and this appearance is lost. There are 15 to 35 pores to 
an area. 

Adambulacral spines slender, of uniform width, truncate or round- 
tipped, subequal, and one-half to one-third longer than the base line 
of the comb. They are marked by a shallow grove from near the 
base to near the tip — ^the groove not reaching either end. This mark- 
ing is best shown on the proximal half of ray, being often rather 
faint on the spines of the distal half. Three is the commonest 
number, but many plates of the type have 4. The furrow spines are 
united by a continuous membrane, their tips forming a scalloped edge 
to the furrow margin. The actinal spine is heavy, subcyUndrical, and 
a little longer than the furrow spines, having often a slightly swollen 
and flattened tip. On the outer part of the ray the spine usually 
skips 2 plates, but at the base frequently occurs on every other plate» 
One specimen has 4 rays, the rest 5. 

Type.— Csit. No. 32640, U.S.N.M. 

Type-locality. — Station 6165, off Observation Island, Tawi Tawi 
Group, Sulu Archipelago, 9 fathoms, coral ; 4 specimens. 

Distribution. — ^Known only from the type-locality. 

EemarkB. — ^This form agrees with Leiaster coriaceus Peters in 
having grooved furrow spines. It differs from coriaceus in having 
abundant pedicellariae, longer, slenderer rays,^ less flattened dorsally, 
in having the abactinal papulae in perfectly circumscribed areas (not 
scattered indefinitely everywhere), and in having the furrow spines 
untapered and truncate. The skeleton appears to be more regular than 
in adults of coriaceus. L. anoLogus differs of L. leacMi in having 
perfectly smooth plates, not finely granulated ones, in having more 
numerous and grooved adambulacral furrow spines, and in having 
abundant pedicellariae. L. speciosw is described as differing from 
L. UaehU only in possessing pedicellariae. On account of the pres- 
ence of pedicellariae I was at first inclined to regard arudogua as a 
race of speeiosus^ but if speciosus is really so close to leachM the rela- 
tionship of analoguB can not be in that direction, for it lacks the fine 
granules figured and described by de Loriol as characterizing the 
plates of leacMi; moreover both leachii and specioaus have only 2 
nngrooved furrow spines, while coriaceus and analogvs have 3 (or 4) 
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grooved spines. Apparently, then, wnaloguB bears much the same 
relation to ooriaceus as speoiosw does to leachii. On the other hand, 
in the form of the ray and the regularity of its plates, analogs re- 
sembles more nearly leachiL 

L. glaber and L. oalUpeplua lack pedicellariae and have furrow 
spines without grooves. 

GenuB BUNASTER Doderlein. 

Bunaater DtoERUEnr, 1896, p. 817, pi. 22, figs, lor-g. Type, B. ritt&ri DOder- 
lein. 

BUNA8TEB LITHODBS Flshw. 

Plate 95, figs. 8, Sor-h ; plate 124; fig. 4. 
Bunatter Uthodes Fishkb, 1917&, p. 91. 

Diagnosis. — ^Very close to B. ritteri in general appearance, but 
differing in lacking the curious ball-and-socket granules of that 
form, and in having abundant, low, bivalved pedicellariae on the 
papular areas, and a few narrow spatulate tongs-shaped pedicellariae 
on the abactinal plates; outer actinal intermediate plates larger than 
the inner, and subambulacral spines slightly narrower; granules 
between the naked areas of plates smaller and more numerous. 
R = 22 mm., r = 5 mm., R = 4.4 r ; breadth of ray at base, 6 mm. 

Description. — In the arrangement, form, and surface of plates 
very similar to typical Bimaster ritteri^ but on account of the speci- 
men being much larger than the type of ritteri^ the intermarginal 
and adradial plates extend farther along the ray, and the second, or 
outer, actinal intermediate series is lacking only on a trifle less than 
the terminal third of the ray. The number of plates in each of the 
marginal and in the radial series has increased. The form of the 
naked part of the plates is best seen in the photograph. They re- 
semble, in miniature, irregular boulders set in coarse, pebbly mortar. 
The surface of the pla(es, like that described and figured for ritteri^ 
is rough with regular microscopic bosses which, when viewed under 
the microscope, remind one very strongly of the compound eye of 
an insect. These bosses decrease in size toward the middle of the 
plate, and are found also on the surface of granules. The larger 
plates also have whitish swellings on the surface, sometimes elongate, 
sometimes small, roundish, and upward of 5 or 6 in number. Abac- 
tinally the plates are separated on the oblique transverse sutures by 
2 or 3 series of granules, and usually by 8 to 5 along the longitudmal. 

Superomarginals 17 or 18 ; inferomarginals the same; visible inter- 
marginals about IS or 14. A second row of intermarginals consist- 
ing of about 8 small plates is f oimd in the arm-angle ventral to the 
main series. Both supero-and inferomarginals are oriented as in 
ri^^erf— obliquely with the actinal end pointing toward the mouth, 
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and the relative size and form of the exposed surface is as in ritteri. 
The inferomarginals are nearly elliptical and narrower than the 
saperomarginals which are oval, the broad end actinad. Terminal 
plate large, almost identical with that of ritteri. 

The outer row of actinal intermediate plates has the exposed sur- 
face, which is elliptical or roundish, conspicuously larger than that 
of the inner row, at least for half the length of ray. The outer series 
extends about two-thirds the length of ray, and 2 or 8 irregular 
series of granules separate them from the inferomarginals, and 1 
or 2 from the inner series, while transversely, the plates of each 
series are separated by 2 or 3 rows of granules. 

Each adambulacral plate has 2 furrow spines, rounded truncate, 
abofat twice as long as broad, and the adoral a trifle narrower than 
the other. The subambulacral spines are narrower than figured for 
riUerij elliptical in shape, separated from the furrow spinelets 
(which extend above the level of the granules for about half their 
length) by usually a single series of granules, and from one another 
by 1 or 2 series. Usually at the base of the spines in the interval 
between them is an enlarged granule which is most prominent on 
the middle third of the ray. These granules, which vary in size 
from 2 to 5 times the diameter of the others usually are separated 
from the adjacent spines by a single series of very small granules. 

Papular areas in 10 longitudinal series with usually 8 papulae to 
an area : 4 abactinal, 2-}-2 intermarginal, and 1+1 actinal interme- 
diate. 

The peculiar sphaeridialike structures described as pedicellariae 
by Doderlein in B. ritteri seem to be entirely absent. But each 
papular area has 1 to 3 low bivalved pedicellariae, whitish in color, 
and each valve is about 1.5 to 2 times the size of an adjacent granule. 
The contour of the pedicellaria is that of a fairly broad ellipse with 
the ends truncated. A few of the abactinal and marginal plates 
have a tongs pedicellaria with two slender spatulate jaws, 1.5 to 2.5 
tunes as long as their breadth at base, which fit into conspicuous de- 
pressions of the plate when open. (See figs. 8a-&, pi. 95.) 

The madreporic body, just outside a primary basal plate has 
branched radiating ridges and narrow deep striae. 

Color of dried specimen, burnt umber marbled on the rays with 
Naples yellow. 

Type. — ^No. 2498, Museum of Comparative Zoology. 

Type-locaUty. — Apo Beef, Mindoro Strait, Philippines. 

Specimen examined. — ^The type is the only known specimen. 

Remarks. — ^I am greatly indebted to Dr. H. L. Clark for permis- 
sion to describe and figure this form, which was not taken by the 
Albatroes expedition. 

Bunaeter ritteri is from Amboina. 
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Geiiiis LINCKIA Nardo. 

Lin[c'\kia^ Nabdo, Oken*s Isis, 1834, p. 717. Type, L, typus Nardo=L. loe- 
vigata (Linnaeus). 

KBT TO THE SPECIES OF LINCKIA HBBBIN LISTED. 

a\ Farrow spines separated by several granules in a perpendicular series. 
b \ In large specimens R=more than 6 r ; rays 9 times as long as wide; Wf^ 
lar areas numerous, small, about the size of the plates, 6 to 12 pons; 
no median radial area free from papular areas; 2 or 3 madr^porie 

bodies multifont p. 40a 

h \ R=about 6 r ; rays 5 times as long as wide ; papular areas superfldiUy 
larger than the plates ; a median radial area free from papular areas; 

1 madreporic body laevigata^ p. 400. 

a '. Furrow spines not separated by several granules in a perpendicular series. 

guildinQa, p. 40L 
UNCKIA LAEVIGATA (Llnnaeiu). 

Asterias laevigata Linnaeus, 1858, p. 662. 
Liiiclcia laevigata Lt^TKEN, 1871, p. 265. 

Specimens exaanmed. — ^Twenty-four from the following localities: 

Apra Bay, Guam, 4. 

Tilig, Lubang Island, off Luzon, coral reef, 2. 

Pandanon Island, between Cebu and Bohol, coral, 2. 

Port Palapag, Samar, 1. 

Port Langcan, Dumaran Island, eastern Palawan, coral, 1. 

Machesi Island, eastern Palawan, coral, 1. 

Tara Island (small island off west coast), Mindoro Strait, 2. 

Tataan Pass, Simaluc Island, Tawi Tawi Group, Sulu Archipelago, 
shore, 6. \ 

Station 5558, Cabalian Point, Jolo Island, 15 fathoms, coral, 1. 

Balayan Bay, shore, 1. 

West coast Palani Island, 2. 

No locality, 1. 

Distribution. — ^Red Sea, Mozambique, Mauritius, Zanzibar, Per- 
sian Gulf, Madras, Andaman Islands, Flores, Timor, Celebes, BatjaOf 
Philippines, Amboina, New Guinea, New Caledonia, Guam, Caroline, 
Fiji, Samoan and Hawaiian Islands. 

LINCKIA MULTIFOBA (Lunwclc). 

Asterias multifora Lamabck, 1816, p. 565. 
Linckia multifora Lth-KSN, 1871, p. 267. 

Specimens eosarrdned. — ^Three from the following localities: 
Bay of Apra, Guam. 

Tomahu Island, near Bouro Island, Molucca Islands, tide pools. 
Papatag Island, Tawi Tawi Group, Sulu Archipelago. 

1 Johannes Gistel, Natnrgeschichte des Tbierrelcbs, 1848, makes a new genu I7«W 
for Link(a Nardo. Undina Is preoccupied In flshes. He also nuOces a new t^ 
Catante% for " LineMa Agassis." In other words, he coins two new names for the >^ 
generic group. There was no necessity for these new names. 
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DUtributian. — ^Red Sea, Mozambique, Mauritius, Sulu Archipelago, 
Celebes, Molucca Islands, Amboina, New Caledonia, Fiji, Samoa, 
Guam, Hawaiian Islands. 

Remarks. — ^The specimen from Tomahu Island is a comet form, 
and has only a very few granules between the furrow spines. The 
subambulacral series of enlarged granules is, however, separated 
from the furrow spines by 1 or 2 series of small granules. The ex- 
ample from Papatag Island is quite small (B=26 mm.) and no 
granules have yet appeared between the furrow spinelets. This speci- 
men would be classified as Z. ehrenhergu if the subambulacral en- 
larged granules were not well spaced from the furrow spines; in 
L. ehrenbergii they are contiguous. 

These three specimens appear to be quite distinct from a yoimg 
L. laevigata (R=25 mm.) from station 6558. The latter has a median 
radial area free from papulae and 1 madreporic body; the 8 speci- 
mens of rnAJtlUfora have 2 madreporic bodies, and no median radial 
area free from papulae. 

UNCKIA GinLDINGn Graj. 

Unckia guUdingii Gray, 1840, p. 285 (St Vincent). 
Linckia pacifloa Gsat, 1840, p. 285 (Tahiti). 
Litickia diplax M^ULsa and Tbobchel, 1842, p. 30. 

One specimen with K equaling 215 mm. from Jolo (shore) . 

Distribution. — ^West Indies, Bermuda, Vera Cruz, Bahia, Abrol- 
hos Beefs, Cape Verde Islands, Mauritius, Madagascar, Persian Gulf, 
Andaman Islands, East Indies, Tahiti, New Caledonia, Fiji, Tonga, 
Samoan, and Hawaiian Islanda 

Remarks. — Linckia guildingUj L. pacifica^ and L. diplax have 
been separated on the basis of very variable characters, such as the 
number of madreporic bodies and length of ray. No one has been 
saccessful in pointing out any constant differences of importance 
between L. gtnldingU and Z. pacifica. Much the same difficulties have 
been encountered in separating diplax and pacifica^ while guUdingii 
and diplax are practically identical, even to the duplication of the 
madreporic body. 

The specimen collected by the Albatross is large, has one madre- 
poric body, and would therefore be ranked with L. pacifica at 
authors. 

Family GANERIIDAE Perrier. 

Genus TARACHASTER Fisher. 

Tarachaster Fishes, 1915c, p. 216. Type, T. tenmis Fisher. 

Diagnosis. — ^Rays slender, disk small; dorsolateral plates 4-lobed, 
imbricated in regular transverse and longitudinal series; plates 
of median radial region mostly 8-lobed, irregularly imbricated^ 
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marginal plates actinal in position, separated from adambulacrals 
over most of ray by a single series of actinal intermediate plates, 
and on disk by small plates in transverse series; actinal interradial 
areas small; papulae single in the small interspaces between abactinai 
plates; plates convex and armed with a group of short, blunt, spme- 
lets resembling parapaxillae or pseudopaxillae, 15 to 20 to a plate; 
marginal and actinal spinulation compact; adambulacral plates small 
with slightly curved furrow margin; spines small, crowded, grading 
into actinal spinulation; proximally 5 or 6, distally 3 or 4 furrow 
spines, with 2 to 4 crowded series each of 2 or 8 subambulacral spines. 
Well-developed superambulacral ossicles; ampullae double; tube feet 
rather small, with well-developed sucking disks. 

Remarha. — ^It is difficult to place this genus. The presence of 
double ampullae, closely placed and regularly imbricated plates, and 
presence of superambulacral ossicles debar it from the Echinaster- 
idae. The two other available families are the Ganeriidae and Aster- 
inidae. While Taraohaater resembles NeplumtMa superficially, on 
account of the radial zone of irregularly arranged plates, I think its 
relationships are more with the Ganeriidae. Superambulacral ossicles 
have not been reported in either the Ganeriidae or Asterinidae. The 
imbricated pseudopaxillae, with definite lobes, the definite but not 
particularly conspicuous marginals, the actinal intermediate plates 
in transverse columns, and the character of the adambulacral arma- 
ture are not dissimilar to these features in the Ganeriidae. The 
slender rays and very reduced actinal interradial areas are new to 
the Ganeriidae, but in the Asterinidae a parallel case is found in 
Nepanthia^ where the character varies within the genus. But Tara- 
chaster does not seem to me to be closely related to any known genus 
of the Ganeriidae. The superambulacral plates remain something 
of a problem. 

TARACHASTEB TENUIS FMnr. 

Plate 41, figs. 7, 7a; plate 120, fig. 4; plate 121, fig. 8; plate 126, fig. 1. 
Tarachaster tenuU Fishes, 1913c, p. 216. 

Diagnosis, — ^Rays 5. R=67 mm., r=12 mm., R= 6.5+r ; breadth of 
ray at base 14 mm.; rays depressed, rather slender, long, bluntly 
pointed; disk small; sides of ray roimded and occupied by the abac- 
tinai plates; abactinai plates small, those on disk and along radial 
area of ray irregularly three-lobed, imbricating; dorsolateral, lateral, 
and narrow portion of ventral surface occupied by four-lobed plates 
in about 10 longitudinal series at base of ray, also forming transverse 
series; 8 series of larger plates adjacent to adambulacrals, the outer 
two being the marginals; plates covered by small, stout, upright, 
round-tipped, often clavate, close-set spinelets in groups resembling 
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low parapaxillae, 15 to 20 to a group; single papulae between the 
abactinal plates; adambulacral plates small, armature dense, upright, 
the spinelets grading from the furrow series into those of the actinal 
intermediate and marginal plates; furrow spines prozimally 6 or 
6, distally 4 or 5, prismatic or four-sided, blunt or truncate, the proxi- 
mal and distal shorter than the central 3 or 4; subambulacral spines 
in 2 or 3, sometimes 4, series, with 2 or 8, or proximally 4, shorter, 
less stout spines in each series. General appearance suggestive of a 
Henrioia with closely placed plates. 

Description. — ^The center of disk and a broad radial streak is paved 
with close-set, irregularly placed plates bearing a paxilliform group 
of 16 to 20 short, cylindrical, untapered, round-tipped spinelets either 
standing erect or diverging. On either side and occupying the dorso- 
lateral, lateral, and part of actinal surface are 10 longitudinal series 
of close-set plates which also form regular transverse series, and 
each bears a roimdish, flat-topped, paxilliform, group of 15 to 20 
short, equal, blunt spinelets, in every way similar to those of the 
radial areas. As noted above the plates are not arranged in quincunx, 
but in fours, four of them forming a nearly perfect square. At the 
comers of the regularly arranged plates as well as on the radial 
areas and disk are single papulae. Adjacent to the adambulacral 
plates, and actinal in position are 3 series of close-set, rather irregu- 
krly elliptical plates, abruptly larger than the dorsolaterals and 
without papulae between them. The outer 2 are the marginals and 
the inner series is actinal intermediate. The superomarginals are 
slightly the largest. 

The marginal and the actinal intermediate plates on the ray, 
usually, also form pretty definite transverse series and all are cov- 
ered closely with ^ort, relatively thick, round-tipi>ed spinelets a 
trifle larger than the dorsolateral spinelets. The spinelets form not 
very regular 4-sided groups — ^about 20 to a plate. On the disk 
several additional series of small actinal intermediate plates are in- 
terpolated so that the marginals withdraw to about the middle of r, 
and become smaller as the interradial line is approached so that it is 
difficult to distinguish them except that the superomarginals are here 
larger than the dorsolateral plates (here actinal in position). The 
latter also become smaller on this actinal interradial portion of the 
disk, and the papulae are lacking proximad of the tenth supero- 
marginal. 

Between the first superomarginal and second adambulacral of 
each ray are 6 intermediate plates. Opposite the first adambulacral 
is a short series joining a couple of unpaired plates so as to form a 
Y-shaped group. A large plate just back of the mouth plates is 
embraced by the arms of the Y. Opposite the seventh inferomar- 
ginal are 2 intermediate olates in a transverse row. Opposite the 
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sizteenih plate there is but a single plate between the inferomar- 
ginals and adambulacrals. This single longitudinal series persists 
to within about 12 mm. of the tip of ray. Between the first and 
seventh inf eromarginals the number of plates in the transverse se- 
ries decreases from 6 to 2. The whole actinal interradial area 
proper is very small, as half of the actinal surface of the disk is 
occupied by " abactinal " plates. 

If a portion of the abactinal skeleton is denuded and cleared the 
irregular plates of the median portion of ray are seen to be mostly 
S-lobed and very strongly but irregularly imbricated. The plates 
themselves are not of uniform size and scarcely 2 are of exactly the 
same shape. The dorsolateral plates, on the contrary, are regularly 
4-lobed and the proximal longitudinally directed lobe overlies the 
<M)rresponding distal lobe of the next plate adorad, while the trans- 
verse lobe directed toward the radial line overlaps the external lobe 
of the next plate. The dorsolateral papulae occupy singly the small 
interspaces and are consequently in regular longitudinal and trans- 
verse series. 

Adambulacral plates small, close-set, with a slightly curved fur- 
row margin. The adjacent actinal intermediate plate encroaches 
upon the surface which is usually a little longer than wide. Fur- 
row spines proximally 5, the 3 median 3-sided or quadrate in section, 
round-tipped or truncate; the proximal and distal spines are shorter; 
usually the distal is about one-third or one-half as long as adjacent 
spine and the proximal about one-half or three-fourths. The first 
few plates usually have the spines more flattened at the end. Occa- 
sionally there are 6 spines and distally usually 5 or 4. Just back of 
the furrow spines (which stand upright) are 8 or 4 shorter spinelets 
with thicker ends, and back of these about 3 or 4: slightly smaller 
spines, which stand so near the actinal intermediate plate that it is 
difficult to determine sometimes to which plate they belong. The 
plates at about the middle of ray have 3 or 4 longitudinal series of 
spines, 2 or 3 in each series. The adambulacral spines are all blunt, 
very close-set, and they grade from the furrow spine into the actinal 
intermediate spines. 

Mouth plates very small with nearly straight furrow margin bear- 
ing 5 to 7 compressed furrow spines with broad tips and edge 
to furrow, heavier than the adambulacral spines, and increasing 
slightly in length toward the inner angle. Behind these on each 
plate is a row of 4 or 5 smaller subambulacral spines which occupy 
about all of the remaining surface of the plate. 

Madreporic body small, surrounded by 6 plates of which 1 on 
the adcentral side is largest, and situated slightly adcentral to the 
middle of r. 
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Superambulacral plates present. These are attached to the lower 
end of the ambulacral ossicles and the upper end is subtrimcate and 
I often broader than the lower, which is more or less rounded. 

ryy^.— Cat. No. 82642, U.S.N.M. 
I Type-locality. — Station 6643, off Point Tagolo, northern Minda- 
nao, 162 fathoms, sand; bottom temperature, 54.5"^ F. 
Distribution. — ^Known only from the type-locality. 

Family METRODIRIDAE Fisher. 

Metrodirinae Siaden, 1889, p. 415. 

Metrodiridae Fishes, 1917(1, p. 171. 
Diagnosis. — Whole skeleton overlaid by a rather thin skin par- 
tially obscuring the outlines of the plates; rays slender; abactinal 
I plates tessellate, partly imbricated, with small spines; marginal 
I plates large, forming side wall of ray, there being 1 or more series 
I of intermarginal plates on the proximal part of ray; actinal inter- 
I mediate plates reduced to one, between mouth plates and infero- 
I marginals; papulae isolated, strictly abactinal; tube feet with suck- 
I ing disk devoid of calcareous deposits; ampullae single; interbra- 
I chial septa rudimentary, practically absent. 



Genus METRODIRA Gray. 

Metrodira Gray, 1840, p. 282. Type, Metrodira subidata Gray. 
aoaphaster db Lobiol, 1899, p. 27, pi. 8, fig. 1. Type, Scaphaster humberti 
VE Lobiol. 

This puzzling genus was placed in the Linckiidae by Sladen (1889, 
p. 415), and other authors have followed his lead. 

It shows an outward resemblance to the Asteropidae, however, 
barring the single fact of the very slender rays. De Loriol (1899, 
p. 27) described a very young example as a new genus which he 
placed in the Gjonnasteridae (= Asteropidae) near Asteropsis 
{=Petrieia). 

Sladen stated that '^ its external f acies and general structure ap- 
pear to indicate an intermediate position between the Linckiidae 
and Echinasteridae." 

Unfortunately the specimens at my disposal are small. The char- 
acters which would lead one to place this genus in the Asteropidae 
(restricted to Asterope and Petricia) are as follows : 

The thin skin which covers the plates and spines ; the conspicuous 
marginals not unlike those of Petricia; the loosely tessellate abac- 
tinal skeleton, bearing skin-covered spinelets. The characters which 
are adverse, so to speak, are : The conspicuous series of intermarginal 
plates, the absence of actinal intermediate plates, except a single 
plate back of the mouth plates; the rudimentary interbrachial sep- 
tum without a calcareous pillar (perhaps, however, due to small size 
of disk) ; the single ampulla to each tube foot. 

13434— Bull. 100—19 27 
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The features which seem to ally Metrodira to the Echinasteridae 
are: The single ampullae, spinose. abactinal plates, and the adambu- 
lacral armature. The intermarginal plates and the very reduced ac- 
tinal intermediate areas are quite consistent with this family, but 
the very conspicuous marginal plates are not. The interbrachial 
septa are very rudimentary, practically absent, although it is not 
possible in the small specimens at my disposal to be certain of this 
point. 

Beyond a certain similarity due to the outward form, particularly 
to the slender rays, the Linckiidae have little claim to this genus. 

The presence of intermarginal plates and of single ampullae, and 
the absence of actinal intermediate plates and of interbrachial septa 
with calcified pillar will debar Metrodira from the Asteropidae, 
Ganeriidae, and Poraniidae, while additional differences in the abac* 
tinal skeleton make the last two families unsuitable homes. 

Even the Echinasteridae appear to be incompatible. The abactmal 
plates of Metrodira are tessellated, not at all reticulate, while the 
marginal plates are large, compact, and form a vertical side to the 
ray. The interbrachial septa are almost lacking. 

It seems better to place this genus in a separate family rather than 
to enlarge the Echinasteridae and in a measure spoil its homogeneity. 
The case of Metrodira is much like that of Acanthaster, Mithrodioj 
and Valvaster, which have at one time or another been in the Echi- 
nasteridae. 

METBODQU SUBULATA Gray. 

Metrodira subulata Gray, 1840, p. 282.— Pebbieb, 1875, p. 180.— Koxmja, 
1910a, p. 172, pi. 4, figs. 1 and 2; pi. 18, fig. 9; 1910&, p. 284, pi. IS, 
fig. 8;pl. 17, fig. 8, 4.5. 
Soaphaster humherti db Lobiol, 1890, p. 27, pL 8, fig. 1. 
Doctor Koehler* has given a detailed description and figures 
of this species. The Philippine examples, the larger measuring 
R, 25 mm., and r, 4 mm., are less spiny abactinally. The proximal 
plates of the intermarginal series are nearly as large as the adjacent 
inferomarginals, and there is usually an odd interradial intermargi- 
nal plate, but not an odd supero- or inferomarginal. The intermar- 
ginals extend about half the length of ray. 

Type-locaUty. — ^Migupou (probably a Philippine locality). 
Distribution. — ^Macclesfield Bank; Philippine Islands; Torres 
Strait; Aru; Amboina; northwest of Australia; northeast Australia; 
George Sound, New S^ealand ; Bay of Bengal ; Ceylon. 
Specimens examined. — ^Two from the following stations: 
Station 5481, off Corandagos Island, eastern Palawan, 51 fathoms, 
sand. 
Station 6482, same locality, depth, and bottom. 

^Abhandl. Senckenberg. Naturf. GesceL, yol. 88, 1910, p. 284. 
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Family PORANIIDAE Perrier. 

PoranUdae Pebbus, 1894, pp. 168, 227.— Vebbtll, 1915, p. 68. 
Asteropidae (part) Fibhxb, 1908, p. 90; 1911(1, p. 247.— Vebbiix (part) 
1914a, p. S04. 

The family Asteropidae is restricted to Asterope and Petricia {As- 
teropsis), while the Poraniidae, which appears to be allied to 
the Asterinidae, includes the old genera Dermasteriasj Porania^ Tylas- 
tefj Marginaster^ and P<ymniomorpha^ (including Ehegaster and 
Lanaster) as well as the more recently defined genera: Chandraater* 
Verrill, Oulcitopsia^ Verrill, Paraimca^ Verrill, Poramella^ Verrill. 

Genus MARGmASTER Perrier. 

Marffinaster Pksbixb, 1881, p. 16. Type, M. pectinatui. 

1CABC3NASTEH PAUCI8PINU8 fUsr. 

Plate 181, figs. 2, 2a. 
Marffinaster paucispinua Fishsb, 1918c, p. 216. 

Diagnosis. — ^Differing from M. capreensis (Gasco) [M. fimbriatus 
jSladen] in having no actinal intermediate and very few abactinal 
Ispinelets, broader marginal plates with slightly longer spines, more 
distinct lobes to the carinal plates, and 2 narrowly spatulate, webbed, 
subambulacral spinelets in a longitudinal series near the furrow 
margin; furrow spines 2 on the first 2 plates, then 1. R=ll mm., 
r=8 mm., general form arcuate pentagonal ; whole body overlaid by 
skin; a few carinal, apical, and superomarginal spinelets, all incon- 
q)icnous; a conspicuous marginal fringe of webbed, flattened, nar- 
rowly spatulate spines; plates not superficially visible. 

Description. — ^Abactinal plates obscured by the skin, which is 
pmooth. Spinelets few. There is present a carinal series of short, 
jdavate spinelets, about twice as long as broad, and few in number. 
iKear center of disk these outline a rude star, and within this are a 

m small scattered almost granulif orm spinelets. On either side of 

le ray there are a very few small spinelets. 
I The abactinal skeleton is revealed by immersion in weak caustic 
^tash solution. In the arrangement of plates it is very similar to 
^al of M. oapreensisj figured by Ludwig (1897, pi. 7, figs. 13 to 23), 
Ibntthe plates themselves are slightly different in form. The skeleton 

^ Professor Verrill is in error in regarding Rhegaater as the oldest name for this group. 
fcrmUmorpha dates from 1881 (Danielasen and Koren, Nyt Mag. for Natorrldenska- 
Icne, ToL 26, p. 189; type, P. ro««o). Rhegaater Sladen was described in 1888 (Trans. 
Itoy. Boe. Bdln., toL 82, p. 155 : type, BoUuter tuwUdue Stnzberg). Laalaeter Sladen dates 
from the OhaUenger Asteroldea (1880, p. 871, type L. villoeua). See VerrUl, 19145, 

'Fbr these genera, see Verrill, 19145, pp. 17-21, and 1915, pp. 68-80. Ohondraater 
;'*is deKribed originally aa a subgenus of Porania (Amer. Joum. Sd., toI. 40, p. 187, 
jtype Porania grandia). The type of Ptfranias s. s., is P. pui>ttla (O. F. Mtiller). 
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is open, leaving large meshes or interspaces and is of the reticulate 
type. The center of disk is occupied by plates fonning a conven- 
tional star, the tips of whose rays are the primary radial plates; the 
interradii are large five-lobed primary basal plates. The side of the 
rays of this star is formed by a long slender ossicle. Within the 
star is a pentagon of plates inclosing the central plate, which is at- 
tached to the pentagon by short connectives, and the corners of the 
pentagon are the basal plates. The carinal series consists of about 7 
plates, the primary radial being elongate cordif orm, the others prom- 
inently f our-lobed, except the last 2 or 8, which are irregular. These 
imbricate so that a lobe* extends laterally on either side. In contact 
with the prominent inf eromarginals, which form a flange to the edge 
of ray, is a series of three-lobed superomarginal plates, which are 
connected with the lateral processes of the carinals by 1 or 2 (second 
and third carinals) slender ossicles. There are 7 superomarginals, 
and 5 of the transverse trabeculae, the last 2 superomarginals touch- 
ing the reduced carinals (or sometimes the last lateral has no carinal 
opposite). Two slender ossicles end to end extend from the first 
superomarginal to the basal plate, close to the companion of the ad- 
jacent ray, so that the inner ossicles of each series touch along their 
whole length. These clasp the small madreporic body, which is on 
the outer lobe of a basal plate (Ludwig's JRl). 

The inferomarginals, 7 in number, are much broader than long, 
flat, slightly spaced, with a curved border bearing, 4 or 5 webbed, flat- 
tened narrowly spatulate spines as long as the base line of comb, the 
whole forming a flangelike ambitus. The outer end of the plate is 
slightly broader than the inner and the transverse margins are 
slightly concave. Parallel with the marginal series of spines and 
close to them on the upper surface of the plate is a series of 3 or 4 
very small spinelets scarcely visible until specimen is treated with 
caustic potash. 

Papular areas in 2 series on each ray, the outer being "intermargi- 
nal." The largest area is the proximal adradial, which has 8 or 9 
papulae, while the others have 2, 3, or distally 1 papula. The larger 
areas have several white grains scattered in the integument. 

The actinal intermediate plates are in general similar to Ludwig*s 
figure 23. A series of oblong plates, one interradial, is adjacent to 
the inferomarginals. These are the largest intermediate plates. The 
largest, interradial in position^ is scalloped on the inner border and 
constricted in the middle. The other 4 plates of each ray alternate 
with the inferomarginals and the outer end underlies the inner end 
of the marginals; moreover the plates are distinctly spaced. The 
other actinal intermediate plates are in transverse columns. Three 
columns start from the interradial and, by branching variably, have 



Digitized by LjOOQ IC 



STAKFI8HE8 OF THE PHILIPPINE SEAS. 409 

3 or 4 branches touching the proximal 4 or 5 adambulacrals of each 
ray. From the second inferomarginal there are usually 2 short col- 
umns of 2 plates each, while the third and rudimentary fourth inf ero- 
marginals touch the adambulacrals. Conspicuous spaces exist be- 
tween the columns of plates, the plates themselves being compara- 
tively large and elongate cordif orm or elongate ovate in form. 

Adambulacral plates small, wider than long, and obliquely ori- 
ented. The first 2 plates have 2 small, blunt, slightly tapering fur- 
row spinelets; the subsequent plates 1. Near the furrow margin in 
a longitudinal series are 2 webbed, narrow-spatulate truncate spine- 
lets about as long as width of plate, and 1.5 the length of the fur- 
row q>inelets which they generally obscure by bending over furrow. 

Mouth plates narrow with 4 furrow and 2 suboral spinelets similar 
to those of the adambulacral plates except that the inner furrow 
spine is larger. 

ryye.— Cat. No. 32641 U.S.N.M. 

Type-locality. — State 5310, China Sea, vicinity of Hongkong (lat. 
21° 31' N.; long. 116° 13' E.), 100 fathoms, sand, shells; 1 specimen. 

Distribution. — ^Known only from type-locality. 

Remarks. — ^This species resembes M. capreerma (Gasco) which 
Ludwig considers the same as the subsequenty described M. ■ftmbTia- 
tus Sladen. In M. paucispimis there are few abactinal and no actinal 
intermediate spinelets, while in capreensis the former are abunaant, 
and Sladen's figure (1889, pi. 58, fig. 5) shows a few actinal spinelets. 
The carinal plates of M. pauciapimis have more prominent lobes than 
are figured by Ludwig, and the inferomarginal plates are much 
wider than long while the marginal spines are longer. In M. capreen- 
m the 2 subambulacral spines are tapering, cylindrical and form a 
transverse series, while in pauciapinus they are spatulate, flattened, 
and in a longitudinal series. In M. pectinatus Perrier, M. echiwula' 
tus Perrier, and M. pentagorms Perrier the subambulacrals are either 
in a transverse or an oblique series. The first has 1 furrow and 1 or 2 
subambulacral spines; the second, 3 to 5 furrow and 2 or 3 subam- 
bulacral spines; the third, 1 furrow and 2 or 3 subambulacral in the 
same transverse series. M. paucispinus alone, therefore has the sub- 
ambulacral spines in a longitudinal series. 

Family ASTERINIDAE Gray, emended. 

Genus ASTERINA Nardo. 

Aiierina Nabdo, Oken*g Isls, 1834, p. 716. Type, A, viinuta Nardo=i4. gib- 
hoaa (Perrter).— Vekriix, 1913, 477-485. 

Professor Verrill has divided the old genus Asterina into the fol- 
lowing genera: 

Asterina; type, A. gibhosa; included species: A. trochiscus (Ret- 
ms). 
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Asterinidea Verrill; type, A. foliv/m (Liitken) ; included species: 
A. cepheus (Miiller and Troschel), A. wega (Perrier), A, rnimta 
(Linnaeus), A. modeata Verrill. 

Patiria Gray, 1840; type, P. coocinea (Gray) ; included species: P. 
miniaia (Brandt), P. chUenMa (Liitken), P. gayi (Perrier), P. gras^ 
uloaa (Perrier), P. pectinifera (Miiller and Troschel), P. granifera 
(Gray), P. novae^-zelandiae (Perrier). 

Patiriella Verrill; type P. regularia (Verrill); included species: 
P. exigvu (Lamarck), P. caUar (Lamarck), P. fimbriata (Perrier), 
P. aquamata (Perrier), P. caLcaraba (Perrier), P. ptcaiUa (Perrier), 
P. guimii (Gray). 

Aaterinopaia Verrill; type, A. peniciUana (Lamarck); included 
species: A. pUoaa (Perrier), A. lymani (Perrier). 

Enoplopatiria Verrill; type, E. marginata (Hup6)=A. atelUfera 
(Mobius)=A. hrazUienaia (Liitken) =J^. rninuta (Miiller and Tro- 
schel, not Linnaeus). 

I have examined one or more representatives of these groups. Pro- 
fessor Verrill in his synopsis (p. 479) relies upon the absence of 
pedicellariae to distinguish Aaterinidea from Aaterina and Patiria 
from Enoplopatiria. 

I do not think that the pedicellariae form a reliable generic char- 
acter in this family. They are absent in Aaterina coronata criatata 
and present in Aaterina coronata eueroea. Relying upon the abactinal 
skeleton and spines I find it very difficult to separate Aaterinidea from 
Aaterina. The ventral genital pores of Aaterina gibhoaOj if re- 
stricted to that species, are certainly an important character, but in 
practice it is often very difficult or impossible to find them. Aaterina^ 
as used in this paper would include, therefore. Professor VerriU'e 
Aaterinidea^ and similarly I would unite Patiria and Enoplopatiria. 
Following Professor Verrill's table somewhat, the genera as herein 
used are contrasted as follows : 

a\ Abactinal plates of papular areas all of one kind, the exposed part usually 
roundish, elliptical, cordate, or shield-shaped, wholly or partly splnulose. 

Two-bladed pedicellariae present or absent Aaterina^ 

c^, Abactinal plates of papular areas of 2 or more diverse kinds, the larger 
proxlmally arched or crescentlc, and notched for passage of papulae; be- 
tween these are groups of smaU ovate or pyrlform ossicles Inserted end- 
wise, mostly bearing smaU roundish clusters of splnules. 
l)\ Actlnal Intermediate plates each with a fan-shaped group of 2 to 8 spines, 

usually webbed. Pedicellariae present or absent FatMa, 

6". Actlnal intermediate plates each with 1 or sometimes 2 spines; fewer 

secondary abactinal ossicles than In Patiria; no pedicellariae PatirieUa, 

^. Actlnal intermediate plates each with a fascicle of slender spines; pedi- 
cellariae, absent or present Asterinopik. 
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A8TBRINA CEPHSU8 (Mttlkr and TtomImI). 

Plate U5, fig. 4. 

Atterina burtoniif Gray, 1840, p. 289. 
AgterUous cephetu MthxxB and Tboschel, 1842, p. 41. 
Asterina cepheus von Mabtens, 1868, p. 85. — ^Db Lobiol, 1885, p. 89, pi. 21, 
figs. 1 to 5. 

Notes an Philippine apeoimens. — ^The largest specimen has the fol- 
lowing dimensions: E=20 mm., r=8 mm., B=2.5 r. The spinelets 
are all rather longer than in de LorioPs figure. 

Type-loeaUty. — ^Batavia. 

Distribution. — ^Red Sea, Indian Ocean (Zanzibar in the south, 
Nicobar Islands, Ceylon, Mergui at the north), Java, Philippines, 
Torres Strait, Australia, New Guinea, New Caledonia. 

Specimens examined. — ^Five: 

Tataan Pass, Simulac Island, coral reef; 2 specimens. Maricaban 
Island, off Batangas Bay, Luzon, shore; 8 specimens. 

Bemarka — ^The type of Asterina burtanii has been lost, according 
to Professor Bell.^ Although the name probably refers to this 
fipecies, in the absence of an authentic specimen Gray's description is 
quite insufficient. It seems better to retain the well-known name so 
long as a reasonable doubt exists as to the identity of IntrtoniL 



ASTERINA COBONATA GRISTATA 

Plate 115, fig. 8; plate 181, figs. 4 4a. 

Asterina crUtata Fishxb, 1916&, p. 27. 
Asterina coronata oristata Fishieb, 1918, p. 111. 

Diagnosis. — ^Belated to A. cepheus^ but with a variable number 
(80-^6 to a ray) of the abactinal plates elevated and tubercular in 
form, and surmounted by 1 to 5 unequal, robust, pointed spines, the 
largest 4 or 6 times as long as the spinelets of the other plates, and 
many times greater in diameter; the other abactinal plates with 5 to 
10 diort, sharp spinelets in spaced groups situated usually on the 
adcentral border; thesse spinelets are tapering, slender, 3 or 4 times 
as long as the width of their base, and in each group are placed with 
the bases touching, the spinelets themselves radiating apart. In cen- 
ter of disk a poorly defined pentagon of elevated plates. At base of 
ray are 6 regular series of papulae on either side of a radial area of 
irregularly arranged pores, the two areas corresponding to regions 
of regularly and irregularly arranged plates. The plates of the 
legolar lateral series (of which there are 10 at the base of ray) are 
arranged in quincunx and those of the papular areas are hollowed 
out or excavated on the mesial border for the papula which is over- 

^Bell, 1884, p. 181; Perrler, 1875, p. 818 (unable to find type). 
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hung and evidently protected by the group of spinelets. In the 
radial area the slight hollow is on the adcentral border. Inferomar- 
ginal plates with a conspicuous tapered spine surrounded by smaller 
spinelets. Actinal intermediate plates with a group (not a comb) 
of 2 to 4, mostly 3, basally webbed spinelets. Furrow spines usually 
6, webbed for about half their length, the 8 or 4 median conspicuously 
larger than the laterals; subambulacral spines usually 4, the 2 median 
much longer than the laterals (in the cotype there are 5 or 6, of which 
2 are enlarged). Oral spines 5, webbed, the 2 innermost conspicu- 
ously enlarged; suboral spines 3 to 5, upright, webbed, 2 of them of 
predominant size. Hays 5, rather narrow, longer than usual, and 
with a rounded extremity. R=37 mm., r=14.5 mm., R=2.5 r; 
breadth of ray at base, 15 mm. 

Type. — ^No. 689, Museum of Comparative Zoology, Cambridge, 
Massachusetts. 

Type-locality, — Ponape, Caroline Islands. 

Distribution. — Caroline Islands. 

ReTnarhs. — ^The number of protuberances probably varies somewhat 
with age and local conditions. In the cotype, which has B, 25 mm., 
they are fewer. 

In the Archiv fur Naturgeschichte (vol. 32, 1866, p. 73), von 
Martens describes Asterma coronata from Batjan, Molucca Islands, 
and from Larentuka, Flores Island, and records its occurrence at 
Amboina. His description states that the relation of the minor to 
the major radius is as 1 to 2 or 2;}, that the abactinal plates are 
so arranged that the dorsal surface has a honeycombed appearance, 
the plates bearing 5 or more spinelets, and that scattered over the 
dorsal surface are groups of 2 to 4 heavy spinelets with a common 
base, such groups being found on the sides and radial regions of 
the ray, but not close to the border. On the disk these special spine- 
lets outline an irregular pentagon. 

The elevated specialized abactinal plates of cristata^ with their 
tuft of enlarged spines, I take to be the same as von Martens'a 
^^ Biischel von 2-4 starken Stacheln mit gemeinsamer Basis," which 
he says, ^'stehen auf den Armen ziemlich zerstreut, sowohl auf 
dem Blicken als an den Seiten, aber nie ganz nahe am Bande.^ 
Thus the chief character of the two species is the same. As Dr. 
H. L. Clark has suggested in a letter, the two species are probably 
the same, although there exist certain discrepancies. Von Martens 
does not mention subambulacral spines, but states that the furrow- 
spines are ^^in einer Beihe, 4 oder 5 fast gleich Grosse auf jeder 
Platte," and that the actinal intermediate plates have 2 relatively 
long sharp spines. The type of Asterina cristata has 2 to 4, mostly 
3, actinal intermediate spinelets, usually 6 furrow-spinelets webbed 



Digitized by LjOOQ IC 



STABFISHES OP THE PHILIPPINE SEAS, 413 

for about half their length, the 3 or 4 median conspicuously longer 
than the laterals, and usually 4 subambulacral spinelets, of which 
the 2 median are much longer than the laterals. I think it is pos- 
sible that von Martens overlooked the small lateral furrow-spinelets, 
although not likely; but certainly in no specimens seen by me are 
the furrow-spinelets ever subequal. 

The case is somewhat complicated by 2 specimens of a race of 
oaronata which I saw some years ago in the British Museum. One 
was contained in a box with Nepanthia macvlata^ labeled "Mig- 
upou, 7 to 12 fathoms, fine sand coral — Cuming." The other was 
labeled "Port Essington, Australia." In the first specimen there 
are 20 or 25 of the prominent plates to each fifth of the body. The 
actinal intermediate plates have, in the neighborhood of the furrow, 
about 5 or 6 spines in a rude circle, one spine being longer than 
the others; near the ambitus there are 3 spinelets, with often 1 or 
2 standing mesad from the principal comb. The furrow-spinelets 
are 5 or 6 webbed, the laterals shorter than the mesial spinelets; 
the subambulacral spinelets are 4 or 6, shorter and stouter than 
the furrow-spinelets, and also graduated in size, the mesial spine- 
lets being longest. I made no notes on the Australian specimen, but 
my impression is that it does not materially differ from the other.^ 

Thus the actinal intermediate spinelets are more numerous than 
in the types of coronaia and cristata^ while the adambulacral arma- 
ture is about the same as that of cristcsta. The prominent abactinal 
plates are fewer than in cristata^ and more like the condition in 
Japanese specimens. 

Dr. Seitaro Goto, in his work on Japanese Asteroidea, carefully 
figures and describes a species from the southern parts of Kyushu 
and adjacent islands which he calls Asterina novae-zelandiae^ Per- 
rier, but which I believe is a form of coroncuta^ as it possesses the 
prominent abactinal plates so characteristic of coronata. Thus 
there are records from southern Japan to northern Australia. 

As a beginning towards straightening the tangle of apparent 
races, I would suggest the subjoined scheme. Any further evidence 
for or against it or in any way bearing upon the status of Asterina 
earonata, wHl be most welcome: 

a\ Abactinal splniform pedlceUarlae present; 2 adambulacral furrow spine- 
lets; 8 or 9 marginal mouth spinelets; 12 to 14 enlarged abactinal 
plates Asterina coronata euerces (Fisher). (Palawan.) 

a\ No splniform pedlceUarlae present; furrow spinelets 4 to 6; marginal 
mouth spinelets 5 or 6. 

1 For the priyilege of examining these and many other specimens of Asteroidea In the 
British Museum (Natural History) I am indebted to Prof. F. Jeffrey Bell. 
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b \ Actlnal Intermediate splnelets usually more than 8 ; near the furrow 5 
or 6, forming a circle or group (not a tsraight comb) ; furrow splnelets 
6 or 6 ; 20 to 25 prominent abactlnal plates to each fifth of body, 

Asterina coronata faacicularis Fisher* (Migupou; Port Esslngton?) 
b\ Actlnal intermediate splnelets 2 or 3, but not often 4. 
\ Furrow splnelets 4 or 5 ; actlnal Intermediate splnelets usually 2 ; promi- 
nent abactlnal plates moderate in number (up to 25 to each fifth of 
body) and with as many as 25 splnelets to a plate.* 
Asterina coronata coronata, von Martens. (Southern Japan, Batjan, 
Larentuka.) 
o\ Furrow splnelets 6; actlnal intermediate splnelets usually 8 (2 to 4); 
prominent abactlnal plates numerous (more than 80 and as many as 
50 to each fifth of body) and with not more than 15 splnelets to a 
plate, frequently 10 or less, 

Asterina coronata cristata (Fisher). (Caroline Islands.) 

Prof. A, E. Verrill in his Bevision of the Genera of Starfishes 
of the Subfamily Asterininae (1918, pp. 479, 480) gives primary im- 
portance to abactinal pedicellariae in distinguishing two of his new 
generic groups. The presence of pedicellariae abundantly in the 
Palawan race and their absence in Japanese and Caroline Island 
specimens show the character to be unreliable for generic dis- 
tinctions. Of course, I recall that in the case of Asterina Professor 
Yerrill has pointed out that the tjrpe, A. gihhosa^ has the gonoducts 
opening just back of the mouth plates. If this character is confined 
to the restricted Asterina it will furnish a very important additional 
feature. 

A8TBBINA CORONATA EUERCE8 Fblwr. 

Plate 115, figs. 1, 2 ; plate 116, figs. 1, 2 ; plate 181, figs. 5, 6a. 
Asterina cristata eueroes Fishsb 1917&, p. 91. 
Asterina coronata euerces Fisheb, 1918, p. 110. 

Diagnosis. — ^Very close to typical A. coronata cristata but differing 
in having abactinal, spiniform pedicellariae, only 12 to 14 swollen 
abactinal plates to a ray, 8 furrow spines, and 8 or 9 marginal mouth 
spines. B=20 mm., r=9 mm., Br=2.2 r; breadth of ray at base, 10 
mm. 



^ Fisher. 1018, p. 110. Thla new race l8 certainly different as regards the actlnal Inter- 
mediate armature. Von Martens states that there are two splnelets in ooronata. Of 
conrse, specimens may prore to be variable. 

Mr. Alyln Beale, of the Museum of Comparative Zoology, who has lived many yean in 
the Philippine Islands, tells me he has sailed past a fairly well-known Migupou Point; 
but I have not been able to locate It, with available maps, on Mindanao or on Luson. Mr. 
Seale does not recall upon which of the two Islands the point Is found. It Is quite pos- 
sible that this Is the locality from which so many of Or ay's types were derived. 

' So far as true coronata is concerned, the remarks concerning the number of prominent 
plates and the number of splnelets on these plates are conjectural. These observations 
refer to the Japanese form, described and figured by Dr. S. Goto ("A Descriptive Mono- 
graph of Japanese Asteroldea," 1914, p. 650, pi. 19, figs 27&-281), which may, of course, 
be quite distinct from typical coronata of the Moluccan region. There are indications 
that a second race of this species, apparently distinct from cristata, is found in Japanese 
waters. In the Museum of Comparative Zoology is a specimen labeled as from Japan 
with only about 5 prominent abactlnal plates to the ray, 6 furrow spines, 5 to 7 subambu- 
lacral spines (2 enlarged), and 8 to 6 actlnal Intermediate spines. The splnelets of the 
ordinary abactinal plates are shorter than in either oriatata or eueroe$. It would seem 
to fit in near fasoieuUuria, 
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Description. — Abactinal plates tilted obliquely as in the typical 
form so that the papular pore is at the bottom of a fuimel-shaped 
depression, somewhat overhung on the abcentral side by a crescentic 
group of upward of 16 or 16 slender, tapering, sharp spinelets 8 to 
5 times as long as their width at base. Plates arranged as in typical 
form, but with a well-developed pentagon of elevated plates in the 
center of disk, inclosing an apical area containing about 28 small 
plates having each 1 to 10 spinelets. On each median radial area 
12 to 14 plates in an irregular double series (or scattered) are much 
higher and more prominent than the others, and bear a conspicuous 
tuft of spinelets, which increase rapidly in length toward the mid- 
dle of the plate where there are 8 to 6 tapering sharp spines much 
larger than the others. The spinelets of the other plates are in more 
or less crescentic groups on the radial regions at base of ray, and 
on disk outside of the apical area, but only a part of them are 
so formed on the distal portion of ray. On the lateral areas of ray 
where the plates are arranged in regular series the groups are f ascic* 
ulate, and are not crescentic except sometimes on the innermost of 
the regular series. 

Numerous plates bear, on the concave side adjacent to a papular 
pore, a simple pedicellaria consisting of 2 to 4 sharp spinelets slightly 
stouter than the rest. These resemble somewhat the fasciculate 
pedicellariae of Pectinaster. Papular pores in about 4 regular series 
on either side of the median radial area; over the latter they are, 
at least proximally, arranged in quincunx but not very regularly; 
about 5 pores can be counted across it at base of ray. 

Inferomarginal plates rather prominent, forming a narrow flange, 
the outer end of the plates bearing a double or a triple series of 
spinelets, or a tuft, the central being much the largest The plates 
are relatively more prominent than in A. oepheua. 

Actinal intermediate plates in 7 chevrons; 2 longitudinal series 
practically reach the tip of ray, while a third very nearly reaches it; 
a fourth extends two-thirds the length, measured along side, and a 
fifth about one-third. The plates bear 8 to 5 spines, webbed for 
about half their length. When there are more than 8 they form a 
fascicular group ; when 8 are present they form a single series. 

Furrow spines slender, scarcely tapered, 8 or occasionally 9, united 
by membrane nearly to the tip, and forming a scoop-shaped fan. 
The 5 central spines are of nearly equal length, and 1 aboral is only 
about half as long, while 2 adoral spines are successively two-thirds 
and one-third the length of the central spines. Subambulacral spines 
6, united by membrane, the median 2 or 8 tapering, pointed, much 
heavier than the laterals, and much stouter than the furrow spines 
and adjacent actinal intermediate spines. When expanded these 
spines form also a scoop-shaped or concave fan lying over the fur- 
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row series. Usually, however, they are bent upward and form a 
group. 

Mouth plates with a marginal series of 8 or 9 spines, increasing 
very gradually in size toward the innermost, and all united by mem- 
brane. On the outer part of the plate is a suboral fan of 5 or 6 
spines on a slight eminence. These stand parallel to the margin ad- 
jacent to first adambulacral, and the inner end of the series bends 
inward toward the median suture, sometimes inclosing a single spine. 

Madreporic body situated just external to the ring of raised apical 
plates and with 2 spines on the convex irregularly pitted surface. 

ryp<?.— Cat. No. 37086, U.S.N.M. 

Type-localUy. — ^Ulugan Bay (near mouth of Baheli River) 
Palawan Island, 2 to 5 feet, mud, sand, seaweeds. 

Distribution. — ^Ejiown only from the type-locality. 

Remarks. — ^The following differences are observable betwe^i 
Asterina coronata cristata and A. coronata ewrces. 



Aaterina coronata oristata, 

NV>nprominent abactinal plates with 
usuaUy only 5 to 10 spinelets on the 
radial region of ray. 

No abactinal pedicellariae. 

Actinal plates adjacent to adambu- 
lacral plates with 2, 8, or 4 spinelets 
(regularly 4 on cotype, which has R, 
25 mm.) 

Furrow spines usually 6, sometimes 7. 

Subambulacral spines 4, the 2 me- 
dian much enlarged (in the cotype 5 
or 6, the 2 median enlarged). 

Marginal mouth spines 5. 



AsterifM coronata eurcea. 

Nonprominent abactinal plates with 
usually 10 to 15 spinelets on the radial 
region of ray. 

Numerous abactinal spiniform pedi- 
cellariae. 

Actinal plates adjacent to adambu- 
lacral plates with 4, 5, or 6 spinelets— 
usually 5. 

Furrow spines 8, sometimes 9. 

Subambulacral spines 6, the 2 me- 
dian not so much enlarged as in 
crista^a. 

Marginal mouth spines 8 or 9. 



Genus PATIRIELLA Verrill. 

Patiriella Vkbrili,. 1918, pp. 480, 483. Type, Asterina reguiaris Verrill. 
PATIRIBLLA BXIGUA (Lamarck). 

Plate 109, figs. 8, 4. 

Asterias ewigua Lahabck, 1816, p. 554. 

AatetHna exigua Pereier, 1875, p. 302.— Koehler, 1910a, p. 129, pi. 9, flga 6 
and 7. 
Notes on PfdUppi/ne specimens. — The largest example has the fol- 
lowing dimensions: R=20 mm., r=14 mm. There are a consider- 
able number of six-rayed specimens, and a very few four-rayed. 
The papulae are restricted to the disk and a rather broad petaloid 
area on the radii comprising about a dozen longitudinal series. On 
the interradial line the papulae extend a little more than one-half r 
toward the margin. Outside the papular area the plates carry 7 to 10 
relatively coarse, thimble-shaped granules in a group. On the papu- 
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lar areas the granules are also few, slightly spaced, and about 7 to 
12 in number. Adambulacral spines: Two on edge of furrow (3 
may occur on first few plates) and 1 much coarser subambulacral 
spine. Between the base of latter and first row of actinal inter- 
mediate spines is a conspicuous naked space. Actinal intermediate 
spines 1 to a plate, and lacking on a small strea back of the mouth 
plates. 

Type-loeaUty. — ^Unknown. 

Distribution, — Cape of Good Hope, Madagascar, Mauritius, 
Andaman, and Nicobar Islands, Java, Moluccas, Philippines, south 
and east Australia. 

SpecvmeTis examined. — One hundred and one : 

Maricaban Island, off Batangas Bay, Luzon, shore; 55 specimens. 

Port Binanga, Subic Bay, Luzon; 14 specimens. 

Besoga, Luzon ; 4 specimens. 

Jamelo Bay, Luzon ; 1 specimen. 

Mantaquin Bay, eastern Palawan, sand; 5 specimens. 

Panbutan Bay, western Mindanao, reef; 1 specimen. 

Little Santa Cruz Island, Zamboanga, Mindanao; 1 specimen. 

Babuan Island, Jolo, coral reef; 8 specimens. 

Pangasinan Island, Jolo; 1 specimen. 

Tataan, Tawi Tawi Group, Sulu Archipelago, shore; 1 specimen. 

Sandakan, Borneo, beach ; 7 specimens. 

No label, 8 specimens. 

Genus ASTERINOPSIS Verrfll. 

Atie^^nopBis Veb&ill, 1913, p. 480. Type, Aiterina peniciUaris (Lamarck). 

The following species is by no means typical. There are very few 
secondary abactmal ossicles and there are small abactinai spimform 
pedicellariae. It is apparently related to Paranepanthia, 

AffTBRINOPSIS PEDICELLARI8 (FblMr). 
Plate 114, figs. 2, 3; plate 121, fig. 1; plate 182, figs. 2, 2a. 
Nepanthia pedicellaris Fisheb, 1913c, p. 217. 

Diagnosis. — Rays 6; R = 22 mm., r = 8 mm., R = 2.75 r; breadth 
of ray at base, 7 or 8 mm. ; abactinai surface arched, actinal surface 
plane; rays tapering, bluntly pointed ; radial area of crescentic plates 
proportionately very broad and not clearly marked off from the 
lateral areas which at base of ray are only about 5 plates broad, these 
being subcircular pseudopaxillae ; larger crescent plates bearing 
35 to 45 minute, sharp spinelets, and sometimes a simple pedicellaria 
composed of 2 spinelets stouter than the others, furrow spines 6 or 7 
webbed, the adoral much the smaller; subambulacral spines webbed, 
8 to 12; proximal actinal intermediate plates with 7 to 9 slender, 
webbed spines. 
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Description. — ^Abactiiial plates crescentic, those of disk not reg- 
ularly arranged ; along median radial regioia is an area 6 or 7 plates 
wide where the plates are arranged in quincunx with sometimes a 
small roundish plate in the concavity of the crescent; then on either 
side are regular longitudinal series of plates, about 10 at the base 
of ray and 3 to 5 at the tip, which meet the superomarginal series 
obliquely. Near the margin, forming an area 5 plates wide at base 
of ray, the plates are in transverse series (between the outermost 
oblique longitudinal series of crescentric plates and the ambitus), 
are elliptic or quadrate in form, have no papulae between them, and 
bear subcircular groups of radiating spinelets. The crescentic plates 
bear 86 to 45 very delicate sharp spinelets and have a papula on the 
concave side. 

There is no lateral flange. The superomarginal plates are clearly 
distinguishable and are about the same size as the small adjacent 
abactinal plates, while the inferomarginals are considerably larger, 
are set obliquely, and bear an elliptical group of numerous fine spine- 
lets. 

On either side of the interradial line 9 actinal intermediate plates 
can be counted between the adambulacral plates and margin. The 
series opposite the first and second adambulacrals do not reach the 
margin, while the third is complete. The plates also form longitu- 
dinal series, 4 extending to the middle of ray, but only 1 attaining 
the tip. The proximal plates bear 7 to 9 slender, slightly tapering, 
pointed spines united for half their width by membrane ; the smaller 
plates bear 6 or 7 spines. The spines form a group rather than 2 
series, as it frequently happens that 5 to 8 spines form a circle 
around a central spine, and all flare apart, more or less, but are 
nevertheless directed toward the margin. 

Furrow spines 6 or 7, slender, very slightly tapering, blunt, and 
webbed for nearly their whole length. The adoral spine is quite 
short; the next is half again as long, the third about twice as long 
as the first, the fourth and fifth each slightly longer than the pre- 
ceding; the sixth about equal to the fifth. When there are 7, the last 
spine about equals the third. Subambulacral spines 8 to 12. There 
is a semicircular webbed series parallel in general to the furrow 
series, consisting of about 8 (as many as 10) spines increasing in 
length from the short adoral to the fifth or sixth, then decreasing, 
the last spine being longer than the first, unless there are 10, when 
the series is symmetrical. Often 1 or 2 '^pines stand in the hollow 
of this series segregated from the others. The subambulacral spines 
are a trifle stouter and are more acute than the others. 

The oral armature is of the same character as the adambulacral. 
Marginal spines about 9, slender, untapered, blunt, the inner 3 or 4 
being the stoutest. Subambulacral spines about 12, sharp, and ar- 



Digitized by LjOOQ IC 



STASFIBHE8 OF THB PHILIPFINA 8BAB, 419 

ranged parallel to the others, increasing in length from the outer to 
the inner. 

Incipient pedicellariae are present on the abactinal surface. These 
consist of 2 spinelets stouter than the rest, which meet over the hol- 
low of a strongly crescentic plate, the spines standing on the concave 
edge of the plate near either end. They are thus either over or close 
to the papula. Pedicellariae are rare in this family. 

Madreporic body small and on account of the encroachment of 8 
plates is trilobate. It is situated about one-third r from center. 

Type.—C9Lt. No. 32648, U.S.N.M. 

Type-locality. — Station 5482, off Cabugan Grande Island, Surigao 
Strait, east of Leyte, 67 fathoms, broken shells, stones, green mud. 

Distribution. — Known only from type-locality. 

Remarks. — ^The classification of this species has given considerable 
trouble. It resembles both Parasterina and Asterinopsis. I have 
placed it in the latter group because the papulae extend nearly to the 
margin and there is no sharply defined radial area of irregular abac- 
tioal plates. The actinal intermediate spinelets are in fascicles, and 
the adambulacral armature is sufficiently near that of Asterinopsis 
penteiHaris in plan, although the spinelets are more numerous in 
pedicellaris. There are, however, very few secondary abactinal os- 
sicles, and there are small spinif orm pedicellariae present The gap 
between Asterinopsis and ParanepcmtMa is not great 
. Although this species resembles Nepanthia hrachiata Koehler, I 
think that species is nearer platydisca and a Pwranepanthid. 

Genns PARANEPANTHIA Fisher. 

Paranepanthia Fisher, 1917e, p. 172. Type, Nepanthia platydisca Fisher. 

Diagnosis. — Similar to Asterina in form, but with the adambulacral 
armature of Nepanthia; actinal intermediate plates in transverse 
series, and bearing a tuft of spinelets which becomes compressed and 
pectinate toward the margin of disk ; bases of these spinelets webbed ; 
abactinal plates imbricated, divided into 2 areas: On center of disk 
and along a radial band they are rather crescentic with a few smaller 
plates intermingled (usually placed adorad to the hollow of the cres- 
cent) ; while between this area and the ambitus the plates lack the 
crescentic form and are arranged in transverse series. Superficially 
the plates resemble low parapaxillae, as they bear truncate groups of 
slender spinelets. 

Remarks.— Tins genus is distinguished from Asterina^ in the wider 
sense, by the sharp differentiation of the plates of the center of disk 
and radial areas from those of the lateral portion of the abactinal 
surface; by having an adambulacral armature of the Nepa/nthia type, 
though less extreme than that of maculata; and by the arrangement 
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of the actinal intermediate plates which are not in chevrons, in the 
ordinary sense, but form transverse series, separated by shallow 
grooves, proceeding from the adambulacrals to the ambitus. The 
first few series do not reach the ambitus, but end rather irregularly 
on the inner half of the interradial line. This may be true to a cer- 
tain extent in Asterina^ but its plates, as in Nepanthia^ form series 
more obviously parallel to the adambulacral series. In Parar^pan^ 
thia the spinelets of the actinal intermediate plates are in bunches or 
tufts near the furrow but pectinate toward the margin. Nepanthia 
differs in having the rays slender and cylindrical, or narrow, flat- 
tened actinally and arched abactinally (hemicylindrical) with a cor- 
respondingly narrowed actinal intermediate area, the plates of which 
have numerous short spinelets like the abactinal plates. 

Callopatiria Verrill ^ differs in lacking the differentiation of the 
abactinal plates into 2 areas, in having the adambulacral armature 
more nearly like that of Asterina^ and in having many small second- 
ary abactinal plates. 

Paranepanthia seems to me to include N. brachiata Koehler (1910a, 
p. 188), a six-rayed species from the Andaman Islands. 

PARANEPANTHU PLATYDISCA (Ftoher). 

Plate 114, figs 1, 4 ; plate US, figs. 4, 5 ; plate 182, figs. 1, Ic^-b. 

Nepanthia platydisca Fisheb, 1918o, p. 218. 

Diagnosis, — ^Rays 5- R=54 nmi., r=28 mm., E=2.8 r; breadth of 
ray at base, 86 mm. ; interbrachia rounded, rays tapering evenly from 
base to bluntly pointed extremity ; general form much flattened and 
resembling an Astervna with thin disk; edges of disk and ray thin; 
abactind,! plates divided into 2 areas, a median radial, where the 
plates are irregularly distributed, and lateral areas, where the plates 
form transverse (and also to some extent longitudinal) series, the 
transverse with about 26 or 27 plates at base of ray ; plates resembling 
small flat-topped pseudopaxillae ; actinal intermediate plates small, 
in transverse series, the larger plates with 15 to 20 slender, very sharp, 
webbed spines; furrow spines 7 or 8, webbed into a very convex 
fan ; subambulacral spines 12 to 20, also webbed. 

Description. — ^The general form is flat, the body being thin, much 
as in Anseropoda, The radial areas of irregularly arranged plates 
are sharply marked off and their width at base of ray is about one-half 
r, while on the interradial line they occupy a trifle more than one-half 
r. Between the margin of the median area and the ambitus extend 
transverse series of small elliptical plates, which also, on the adradial 
half or two-thirds of this area, form longitudinal series. The trans- 
verse series sometimes bifurcate at the outer ends, and the plates of 

^Callopatiria VerriU, May, 1918; type, Patiria hellula Sladen. Amer. Journ. ScL, 
Tol. 85, p. 480. 
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each series decrease regularly in size toward the ambitus. In a com- 
plete series reaching the margin at middle of interbrachium about 26 
or 27 plates are present, while at the middle of ray about 17 or 18 
can be counted. These plates are roundish or broadly elliptical and 
overlap strongly. They bear elliptical groups of short papilliform 
spinelets, about 10 on the small plates and 20 or 25 on the larger. 
On the median radial areas and central portion of disk the plates 
are of several sizes, especially at base of ray. They are small and 
roundish or larger and crescentic or elliptical. On the distal part of 
ray nearly all the plates are small and bear a roundish group of 10 to 
18 very short spinelets, while the larger bear 25 to 35. These groups 
of spinelets are distinctly spaced and resemble, along with those of 
the lateral areas, low parapaxillae or pseudopaxillae. Papulae are 
scattered over the area of irregular plates and extend aboi\J; two- 
thirds the length of ray, but are not present on the lateral areas. 

The marginal plates are very small. The inferomarginals define 
the ambitus, while the subequal superomarginals are abactinal in 
position. 

The actinal intermediate areas are broad, the plates forming well- 
marked transverse series, the plates decreasing gradually in size to- 
ward the ambitus, where they are very small. In the first complete 
series, at base of ray, are 35 plates; at the middle of ray there are 20. 
The larger plates bear about 15 to 20 slender, very sharp spinelets 
about 1 nmi. long and webbed into a circular group. Usually, how- 
ever, they are bent toward the ambitus and form a double series, one 
covered up by the other. The combs of one plate overlie the base of 
the spines of the next plate toward the margin. Sometimes the spine- 
lets stand more erect, and then the combs of a series do not imbricate. 
The transverse series are separated by shallow well-marked grooves. 

Furrow spines 7 or 8 slender, untapered, blunt, united by a web 
into a fan-shaped group with a strongly convex distal margin. The 
adoral spine is usually short, about equal to base line of comb in 
length. The next 2 are increasingly longer, the next 3, subequal, and 
the last slightly shorter; or where there are 8 the last is nearly as 
short as the first. Subambulacral spines proximally 18 to 20, but 
distally only about 12. They usually stand erect, are webbed, and 
in favorable places may be seen to form a very convex series, with 
6 or 8 spines in the concavity of the series, and involved in the same 
membrane. Sometimes there is an appearance of 2 concentric series 
witJi several irregularly disposed spines externally. 

Mouth plates with 11 or 12 marginal spines, increasing in length 
toward the inner end of series, the companion series united by a 
common web. Suboral spines 20 to 25, in 2 series, parallel to free 
margin, with 5 or 6 extra spines between the second series and the 

13434--BuU. 100—19 ^28 
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median suture. The first series contains 7 or 8 spines increasing in 
length toward the median suture. The second, less regular, contaiss 
6 or 6 spines. 

Madreporic body medium-sized, situated one-third r from center. 
It is roughly 8-sided and surrounded by several plates larger than 
the neighboring abactinal plates. 

Type.'-^iBt. No. 82644, U. S. N. M. 

Type-locaUty. — Station 6645, Buton Strait, Celebes, 206 fathoms, 
bottom not recorded; 1 specimen. 

DiatrihiMan. — ^Enown only from type-locality. 

Geniis NEPANTHIA Gny. 

Jfepanthia Orat, 1840, p. 287. Type, V. tnaculata Gray. 

* KEY TO THB 8PBCZB8 OF KKFANTHXA HBBBIN DB8CBIBBD. 

a\ Bays 5, marginal plates small, not defining ambitus, actlnal surface coiiTex, 
ray cylindrical tnacutata, p. 421 

o^. Bays 5 to 7; Inferomarginal plates conspicuous, defining ambitus; actinal 
surface subplane, abactinal surface convex joubinif p. 42S. 

NBPANTmA MACULATA Gr»j. 

Plate 118, flg& 8, 4. 

Kepanthia tnaculata Gray, 1840, p. 287. — ^Psbbieb, 1875, p. 822.— Sladdi, 
1880, p. 888, pi. 64, figs. 1-4. 

Notes on Philippine specimens. — ^It is not possible to be certain 
whether these specimens are really N. maculata or a closely allied 
species. They present some points of difference from Sladen's figursB, 
and, as he states, the few descriptions are rather vague. In the 
largest specimen B=50 mm., r=8 mm.; B=6.25 r; breadth of ray 
at base 9 mm. 

The differences which these specimens present when compared with 
Sladen's plate will be noted. The form of the ray is practically the 
same. The abactinal area of crescentif orm plates shows this differ- 
ence, that the little plate just adorad to each papula, as clearly shown 
in Sladen's figure 8, is lacking in all the Albatross examples. This 
median area is about 6 to 8 plates wide, counting along an oblique 
series (as in Sladen's figure). Then come on either side between the 
crescentic plates and the inferomarginals, at base of ray, about 6 
longitudinal series of superficially rectangular plates, the plates of 
the outer 2 series being smaller than the others. Then, counting 
toward the furrow and including the inferomarginal series, 5 series 
of plates (close to interbrachium 7 series) the plates of the 2 inner 
series much larger than those of the outer 8 or 4. 

The greatest difference is observable in regard to the disposition of 
the adambulacral spinelets. Sladen states that his figure 4 represents 
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the spinelets in what he believes to be the natural posture and that 
ibis condition was found on only a few plates. In our specimens 
only the 2 innermost fans are clearly distinguishable, the spinelets 
on the outer part of the plate being less regular in arrangement, and 
gnnilar in arrangement to those of N. hrevis^ although more numer- 
ous, as weU as slenderer and more sharply pointed. 

In 2 small specimens (B=:14: mm.) which have the proportions of 
N. hrevis but which are believed to be young of moGulataj the arma- 
ture is more as in Sladen's figure 4, although not quite so regular; 
and of the 2 specimens 1 has the armature more regular than the 
other. A peculiarity of these 2 specimens is the grouping of the 
spinelets of the abactinal crescentic plates in 8 or sometimes 2 distinct 
tufts to each plate. This gives the appearance of numerous small 
plates. 

These small specimens are distinct from N. hrevis and N. sufar- 
dnatOj and of course may represent a third species. Their aflteities 
are close to N. maculata. 

The largest specimen has 2 madreporic bodies. The others have 
one. 

All the specimens are bleached yellowish, and unspotted. 

Type-locality. — ^Migupou (Gray). 

Distribution. — Philippine Islands; Arafura Sea. 

Specimens examined. — Four. 

Station 6157, off Tinakta Island, Tawi Tawi Group, Sulu Archi- 
pelago, 18 fathoms, fine sand; 1 specimen. 

Station 5161, same locality, 16 fathoms, fine sand; 1 specimen. 

Station 5885, Linapacan Strait, vicinity Linapacan Island, north 
end of Palawan, 46 fathoms, sand, mud ; 2 small specimens. 

NEPANTmA JOUBINI Koehlw. 

Plate 118, figs. 1, 2. 

Nepanthia joubini Koehucb, Description d'une AstMe nouveUe (Nepanthla 
JToubini), provenant dn cap Saint-Jacques (Oochin-chine). BuU. du 
mus. d' hist natnrelle, July 1908, No. 5, p. 282. 

Notes on Philippine specimens. — ^The Leyte specimen is larger than 
Eoehler's: B=82 mm., r=7 nmL There are 6 rays, 2 large ones 
opponte each other witii a pair of small ones between on either side, 
^ere is* only 1 madreporic body. The adambulacral armature 
greatly resembles Sladen's figure (1889, pi. 68, fig. 5) of that of N. 
hrevis. In the furrow series are 7 webbed spines, the median the 
longest; the first subambulacral contains about 7 spines forming a 
very convex fan, parallel to the furrow series, while 8 to 5 spinelets 
stand just back of the subambulacral series and are invested by the 
aame membrane. The plates of the median radial area are less regu- 
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lar than in Koehler's type, but the specimen is larger, which may ac- 
count for the difference. 

Numerous papulae are guarded by simple pedicellariae consisting 
of 2 to 4 sharp spinelets, which meet at a common point and r^emble 
somewhat the fasciculate pedicellariae of Peotinaster. Similar 
pedicellariae are common in Asterinopsis pediceUaris. 

The inf eromarginal plates are larger than the others, longer than 
wide, and define the ambitus. I am in considerable doubt as to 
whether this specimen, which is regenerating 4 rays is not really a 
6-rayed N. hrevis Perrier. 

The smaller specimen has perfectly regular abactinal plates. 

Type-locality. — Cochin China (Cape St. Jacques). 

Distribution* — Known only from the type-locality, from off Leyte 
(vicinity Surigao Strait), 57 fathoms, shells, and from near Ma 

Specimens examined. — ^Station 5478, off Tacbuc Point, Leyte 
(vicinity of Surigao Strait), 57 fathoms, shells. 

Marongas Island, north of Jolo, from a coral head, small specioien. 

Genus ANSEROPODA Nardo.' 

Anseropoda Nardo, Oken's Isls, 1837, p. 716. Type. A. memhranace^ 
(Retzius). 

ANSEROPODA MACROPORA Fisher. 

Plate 110, fig. 3 ; plate 131, figs. 3. Ba^h, 
Anseropoda maoropora Fisheb, 1913c, p. 219. 

Diagnosis. — Rays 5. R = 16 mm., r = 8.5 mm., R = slightly tes 
than 2 r. Proportions and form variable; a four-rayed specimen 
has the following dimensions: R = 17.5 mm., r = 13 mm.,; in the 
latter the margin of ray curves outward and has a broad leaflik 
contour. Species characterized by presence along radial line of a 
zigzag series of 7 to 11 wartlike conspicuous protuberances composed 
of 4 upright spinulate plates guarding a large papular pore; other 
abactinal plates with divaricate tuft of 8 to 12 very delicate spine- 
lets; actinal intermediate area with spaced combs of 3 to 5 delicate 
sharp spinelets; furrow spinelets 5, webbed, the adoral set back 
slightly from margin; subambulacral spinelets 1 or 2, near adoral 
margin of plate. 

Description. — Body very thin and raised only along the radial 
lines, where there are 7 to 11 large papular pores forming' a zigzag 
series and each guarded by 4 plates, the edges of which are raised 
so as to form a little mound or wartlike protuberance. The free 
edges of the plates, bordering the relatively large pore, are semicir- 
cular and the free surface of the plate is nearly perpendicular. These 
plates are covered with numerous short, terete, delicate, blunt spine- 

^ Oama Glatel, Naturgeschlchte des Thierrelchs, 1848, p. 176. Type, Asteritu ■!€»- 
branitcea. 
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lete, which guard the pore, and also extend part way down the sides 
of the plates, which appear to be slightly movable. The single papula 
is large. The other abactinal plates are arranged in very definite 
series parallel to the interradial line, and in the four-rayed cotype 
they also form longitudinal series parallel to the radial line. This 
is true also of the type but the longitudinal series are less evident. 
The dorsolateral plates bear a tuft of 8 to 12 radiating, slightly 
spaced, very delicate terete spinelets, either blunt with several fine 
points, or slightly tapered and sharp. These groups are spaced about 
one-half their own diameter and the spinelets are considerably 
smaller than those of the pore-plates. The marginal plates are very 
small with a marginal fringe of small spinelets. 

Actinal intermediate plates in very definite series leading from 
the furrow to margin and also in series parallel to furrow. Each 
plate has a comb of 4 or 5 very delicate, sharp, spinelets becoming 
reduced to 8 distally and toward the margin. The median spinelet 
is the longest, and slightly overlaps the base of the next comb toward 
margin. 

Furrow spinelets 5, webbed, very slender and delicate, pointed, 
the adoral set back from the margin slightly and about two-thirds 
or three-fourths the length of the others, which are subequal, and 
about twice as long as the base line of the comb. Back of the adoral 
spinelet near the transverse margin are proximally 2 shorter, slender, 
subambulacral spinelets, becoming 1 distally, and disappearing near 
end of ray. 

Type.—Cikt No. 32645, U.S.N.M. 

Type-locality. — Station 5146, Sulu Archipelago, off Sulade Island, 
souUiwest of Jolo, 24 fathoms, coral sand, shells; 2 specimens, 1 
imperfect. 

Distribution, — Known only from the type-locality. 

Remarks. — ^This species belongs to the section of the genus in 
which there are few papular pores, in a single series on either side 
of the median radial line. Its distinguishing peculiarity is the spe- 
cialization of these pores, which are guarded by elevated plates form- 
ing tubercular spinulate protuberances. The papulae themselves 
are large. 

Anseropoda macrapora is most nearly related, I think, to A. peta- 
hides (Goto), Misaki, Japan. It also bears a considerable resem- 
blance to A. tenuis (Goto), Misaki, Japan. (See Goto, 1914, pp. 
65&^62, pi. 19, figs. 282-286.) 

ANSEBOPODA. ■pecfet 

There is a fragment comprising the greater part of 1 ray, from sta- 
tion 5433, off Corandagos Island, eastern Palawan, ^een mud, coral 
sand. The species is new and resembles A. diaphana (Sladen) but 
is of a stouter habit apparently. It is not possible -to be sure that 
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there are 5 rays, as none of the disk is present The species differs 
from A. diaphana in having more nmnerous spinelets in the abacti- 
nal tufts, much more numerous papular pores, these being arranged 
in 2 irregular, sometimes zigzag, series along either side of a narrow 
median radial area. The abactinal plates usually have, near base of 
ray and radius, 8 tufts of spinelets, of which the median is large and 
carries 12 to 20 delicate sharp spinelets, and the small lateral tufts 
only 2 to 5. Sometimes there is 1 small tuft Near the margin, only 
the large tuft persists. The furrow spinelets are 6 or 7 {6 m di- 
aphana) • Subambulacral spinelets proximally 5, then 4, then 8. The 
median 1 or 2 are much the stoutest. Actinal intermediate spinelets 
8 to 6, in a single series, basally webbed, the median 1 or 2 much the 
stoutest. 

Sladen states that in diaphana the papular pores are large and 
spiraclelike, margined by 7 or more plates, each of which bears a 
small comb of rather elongate cfpinelets directed over the opening. 
In the present species the pores are margined by 8 to 6 plates. It is 
possible that on the disk there were more. 

Family ECHINASTERIDAE Verrin (restricted). 
Geniis ECHINASTER Milllcr and TitMcheL 

Eohinatter Mt^iXEB and Tbosghel^ 1840a, p. 102; 1840&, p. 32L Type, 
Asterias sepoHia Lamarck (not Retzlns, 1788) ^Aaierias $agena Ret- 
zlus, 1805, first species (designated, Fisher, 1918&). — ^Fisher, Idlld, 
p. 200; 1918&, p. 194.— Vkbbill, 1914a, p. 206 (+OthUia) ; 1916, p. 86 
(+OthUia). 

Bfiopia Qbat, 1840, p. 282. Type, R. MepoHta Qtbj^A. aaoena Betzlos, not 
A, $epo9iia Retzius as stated by Gray (designated, Fisher 19136). 

The genus Eohinaster Miiller and Troschel (April, 1840) is usaaUy 
understood to include OthUia and Bhopia Gray (December, 1840). 
In a key to the genern of Echinasteridae in Asteroidea of the North 
Pacific, etc (1911, p. 259), I recognized Othilia for those species 
which have, in addition to abactinal papulae, also intermarginal 
papulae or both intermarginal and actinal papulae, while the name 
Echinaster by implication was reserved for Echinaster sepositus and 
allies, in which there are neither intermarginal nor actinal papulaa 

Professor VerriU, in a letter, dissented from this course. I pub- 
lished a short note (19135) in explanation of my point of view, 
which is here largely reproduced. 

Professor Verrill considers that Asteriaa spinosa Betzius (1805),* 
which I made the type of OthUia Gray, is really the type of the 
previously described Echinaster^ by designation (Miiller and Tros- 

'This name Is preoccapied by A9teria9 9pino%a Pennant, 1777 [^^AuUrioi gUdalU, 
17S8]. A9teriai eoMnopAoro Lamarck, 1816, la the tenable name for the epedes. 



Digitized by LjOOQ IC 



8TABFI8HES OF THB PHTT.TPPINE SEAS. 427 

chd, 1842, p. 22, footnote). This would make OthUia a synonym of 
EehwMter MuUer and Troschel. Eckinaster would therefore be the 
conect name for the genus which I call OthiliOj while the genus here 
called Echinaster would receive, as I pointed out in 1913, the name of 
Bhopia Gray. YerriU has since published his views (1914a, p. 207, 
1915, p. 86) but appears not to have seen my note of 1918. 

The distinction between the restricted Echinaster and OtMUa may 
seem a trifle subtle. In practice, however, it has not been difficult to 
use the two groups — at least so far as species which I have person- 
ally examined are concerned. It may be noted that the same differ- 
ence separates Henrieia and Cribraater^ the latter corresponding to 
Echinaster. The following notes will present my reasons for retain- 
ing the name OthUia for the American species. 

The original description ^ of Echinaster is not accessible, but it was 
reprinted* in September of the same year in the Archiv fiir Natur- 
geschichte, with the following (enumeration of species : ^' 4 Arten : A. 
tepitosa LanL [=^1. seposita']^ A. echinophara LanL (Pentadactylo- 
saster spinostis Linck), E. spongiosus Nob. (Linck, t. 86, n. 62) und 
eine neue Art" As a footnote is the following: ^Echinaster ist der 
alteste von Luidius und Petiver fiir ein hierher gehoriges Tier 
i;ebrauchte Name." There was no designation of type. Two years 
later in the System der Asteriden (p. 22), the species of 
Echinaster are cited in different order, namely : spvnosus^ brasUiensiSj 
crassusj gracUis^ sepositus^ faUaa^ eridaneUa^ serpentaaius^ oculatusy 
uchrichtilf Solaris. In a footnote referring to Echinaster^ the note 
quoted above is somewhat amplified as follows: ^^Ein von Luidius, 
Petiver und Linck zur Bezeichnung eines hierher gehorigen Tieres, 
Asterias echinophara Lam., angewandter Name." This seems to me 
to be not a designation of type but an explanation of the derivation 
of the new generic name, employed previously by Petiver in the 
following polynomial: ^^ Echinaster sen Stella coriacea pentadactyla 
echinata." Asterias seposita was given first place in the original 
description of Echinaster and it is reasonable to consider the Euro- 
pean species as the type, as is very generally done when the genotype 
18 in doubt. 

Professor VerriU (1914&, p. 207) says: "The type of the latter 
(Echinaster MuUer and Troschel] was E. spinosits=Asterias echi- 
nophora Lam., both by virtual tautology and by designation." Aa 
pointed out in the preceding paragraph, Miiller and Troschel's 
'^designation" is simply an explanation of the derivation of their 
name. The alleged tautology seems to me to be rather strained, inas- 
mndi as echinophora was not a tenable name according to MuUer 

1 M ooatsber. d. k. preaw. Akad. d. WIbb. Berlin, April, 1840, p. 102. 
'Archly f. Natorgesch. 6. Jalirg., yoL 1, p. 821. 
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and Troschel's views, and '^ eohinopfiara^^ is certainly not '"^EcU- 
nmterP 

As noted under the synonymy, Rhopia Gray (1840, p. 282) was 
founded upon two species, Rhopia aeposUa and R. mediterranean 
the first of which I have already designated as type (19186, p. 195). 
Gray states that Rhopia sepoHta is the same as Aaterias seporita 
Retzius, 1783, and Asterias seposifa Lamarck, 1816. He was appar- 
ently mistaken in regard to Betzius' species, which is said by Mffller 
and Troschel (1842, p. 127) to be the same as the species now known 
as Henrida sanguinolerUa (O. F. Miiller, 1776). Lamarck's A. 
aepoaita originally included the species now called Eehmaster seposi- 
tu8 and Hervricia sanguinolenta^ but was restricted to the former by 
Miiller and Troschel (1842, p. 28, 126, but synonymy on p. 28 is cor- 
rected on p. 126 and 127). Gray must have had in mind the Medi- 
terranean species for his type, because he had already made the 
true Asterias seposita of Retzius the type of Henrida under the 
name of ocvlata Pennant (1777) [this being antedated by A. 
sanguinolenta O. F. Miiller, 1776]. Likewise his short diagnosis 
refers to Echinaster and not to Henricia^ and the inclusion of 
Rhopia^ THjediterramsa^ a synonym of E. seposita (Lamarck) indicates 
the group intended, namely, what I call Echinaster. 

It is evident from the foregoing that the name seposita occurs 
under two different meanings. In any event the Asterias seposita 
of Lamarck is invalidated because it is a homonym of A. seposita 
Retzius, 1783. Now A. seposita Retzius is itself a synonym of A, 
sa7iguinol€7ifa O. F. Miiller, and is therefore shelved. In order to 
use seposita as the name of the Mediterranean Echinaster, it would 
be necessary to show that Retzius referred to this species. He did 
not refer to it, because his locality and description indicate Henrida^ 
and he later described the Echinaster in question as Asterias sagena 
and A. sanguinolenta (Dissertatio, 1805, pp. 21, 22). Naturally the 
second of these names is rendered untenable by being a homonym of 
A. sam^guvnolenta O. F. Miiller, 1776. But Asterias sagena is ap- 
parently available, and should be used in place of seposita. The type 
of Echinaster is therefore Echinaster sagenus (Retzius). 

ECHINASTER CALLOSUS tob MaraBseUer. 

Plate 112, fig. 2; plate 122, figs. 4, 5; plate 132, figs. 5, 5a^. 

Echinaster callosus von Mabenzelleb, Dber eine neue Echlnaster-Art 
von den Salomons-Inseln, Denk. k. Akad. Wlss. Wlen, vol. 62, p. 531, 
1 pi. — ^KoEHus, 1910a. p. 174. 

Notes on the specimens. — ^The largest specimen is larger than the 
type, having R=215 mm., r=22 mm., R=9.8 r. The disk is, there- 
fore, as in the type, quite small, and the rays are a trifle swoUen 
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above the base, about as indicated in von Marenzeller's figure. This 
character is also present in a young specimen with R=42 mm. 

I have examined the outer layer of the integument for the holo- 
thurianlike deposits described by von Marenzeller and find them 
present in the form of irregularly branched rods scattered irregu- 
larly and not crowded as in the following species. These rods are 
of variable size and form; sometimes the branches unite and form 
open lattice-plates with 1 to 6, or even more, unequal and irregular 
perforations. There are fewer perforated plates than rods. (See 
pi. 114, figs. 5, 6ar-e, 

The young specimen is chiefly noteworthy in showing the double 
row of marginals much more clearly than the adult. In the inter- 
brachial arc there are about a dozen small plates interpolated be- 
tween the two series. The papular areas are sharply limited by the 
saperomarginal plates, there being no intermarginal or actinal 
papulae. The same is true of the adult. What appear to represent 
the inferomarginal plates (in the young specimen) is a series of 
roughly elliptical or oval plates adjacent to the adambulacrals. 
Closely apposed to these is a similar series representing the supero- 
marginals, but separated from them in the iuterbrachial arc. Im- 
mediately above the superomarginals the irregular mesh-work skele- 
ton begins, so that there is really no other interpretation possible for 
these plates unless the superomarginal series is wanting. About 
every fourth or fifth superomarginal bears a stout conical spine, and 
about every fourth inferomarginal a similar spine, but the spines of 
the 2 series are not exactly opposite; they may even alternate. (See 
pi. 122, fig. 5.) Just external to the mouth plates and wedged between 
them and the first inferomarginal of each series is a prominent un- 
paired actinal intermediate plate bearing a spine. A rudimentary 
plate is present on either side of this. The presence of these plates 
pretty well establishes the identity of the inferomarginals. In the 
adult several additional plates are present on either side of the odd 
plate forming short series which do not extend beyond the sixth or 
seventh adambulacrals. 

Type-looalUy. — Solomon Islands. 

Distribution, — Solomon Islands ; Celebes ; Sulu Archipelago ; 
Andaman Islands (Koehler). 

Speci/mens excamned. — ^Three : 

Station 6138, vicinity of Jolo, 19 fathoms, sand and coral; 1 
specimen (young). 

ligpo Point, Balayan Bay, Luzon; 1 specimen (adult). 

Una Una Boad, Binang Unang Island, Gulf of Tomini, Celebes; 
1 specimen (large). 
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BGHINASTBB STERBOSOBfUS Flahcr. 

Plate 122, figs. 2, 3; plate 182, figs. 0, 6a-«. 
BcMnaater stereotomus Fzsbeb, 19185, j^ 195. 

Diagnosis. — ^Bays 6. B=62 mm., r=10 mm., K=6.2 r; breadth of 
ray at base, 12 mm. Disk fairly large; rays tapering at first rather 
rapidly, then very gradually, the distal two-thirds being attenuate; 
abactinal surface of rays well arched, actlnal surface slightly conTez. 
Spines short, conical, sharp, spaced 2 to 4 times their length, forming 
2 marginal and proximally 5 (distally 8) abactinal, longitudinal 
series; papulae, 1 to 5 to each of the roundish, or more or less quad- 
rate areas; no intermarginal or actinal papulae; skin fairly tliick, 
covering everything except the tips of spines, and crowded wifli 
minute perforated plates and rods; a few true actinal intermediate 
plates present, all but 1 (which bears a spine) rudimentary; adam- 
bulacral armature a vertical series of 3 spines, the uppermost on 
border of furrow, the lower deep in furrow ; upper spines with their 
membrane investment forming a continuous serrate web closing 
mouth of furrow. Belated to E, caUosus^ but with larger disk, shorter 
rays broader at base, shorter spines, 8 adambulacral spines, and 
thinner skin, crowded with much more numerous, evenly distributed 
perforated plates of a different form. 

Description. — ^Abactinal skeleton rather open, forming quadrate or 
roundish meshes, becoming elongate near end of ray. Most of the 
nodal points bear a short, stout, conical spine on an eminence of the 
plate. These spines form at base of ray 5 abactinal, 1 lateral, and 1 
actinal series, the last two borne by the superomarginal and infero- 
marginal plates, respectively. The abactinal series adjacent to 
superomarginals ends at about the distal third of ray, so that beyond 
this point there are only 3 abactinal series of spines. The spines are 
well-spaced and proximally the abactinal series are sometimes rather 
irregular. The larger abactinal plates are three- or four-lobed and 
are connected proximally by a secondary ossicle (sometimes 2), three- 
lobed or subtriangular, oblong, or roundish. On the outer part of 
the ray 8 or 4 smaller, overlapping secondary plates may stand in a 
longitudinal series between 2 spine-bearing plates which are convex, 
while the connecting plates are not. The marginal plates form per- 
fectly regular series. The inf eromarginals have 4 rounded comers 
and are adjacent to the adambulacrals. The first 4 or 6 plates usually 
each bear a spine; beyond this point every third or fourth plate is 
spinif erous. The superomarginals are directly above the inf eromar- 
ginals and leave only small skeletal spaces between. Near the base 
of ray the series turns upward as in other species of EeMnaster^ 
leaving a triangular space filled with about 8 series of small inter- 
marginal plates. On the proidmal third of ray usually every third 
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plate bears a spine; beyond this about every fourth. Terminal plate 
small, with a semicircular series of about 6 small spines on the distal 
margin. 

There are no papulae between the marginal plates, nor actinally* 
The larger papular areas (those on the median proximal region of 
ray) contain 3 to 5 papulae; the others 1 or 2. 

The body is overlaid by a tough skin of medium thickness which 
covers everything but the sharp tips of the spines. It contains numer- 
ous glands which are rendered visible by a short immersion in caus- 
tic potash. The skin is crowded everywhere with minute perforated 
plates sometimes as many as 4 deep but usually about 2 deep. They 
are always so close that several overlap one another. They vary in 
form from dumbbell-shaped rods with 1 or 2 perforations to round- 
ish or oblong, elliptical, smooth plates with from 4 to 8 perforations, 
the plates being predominant. The border of the plates is irregular, 
with short protuberances. The medium-sized plates measure about 
0.04 mm., and the largest 0.05 mm., longest diameter. 

Adambulacral plates with proximally 3 (distally 2 or 3) rather 
slender spines in a vertical series, the 2 lower standing one above the 
other on the furrow face of the plate, while the third is on the furrow 
margin proper, and the series is united along the whole length of the 
furrow by a continuous membrane, forming a serrated border to 
furrow and usually closing it by interlocking more or less with the 
spines of the opposite side. This spine is the longest of the 3, being 
about one and one-half times the width of plate, acicular, sharp. 
On account of the heavy membrane it appears stouter than it really 
is. The spine below this is a trifle smaller, while the lowest is com- 
pressed, curved at the base and shorter still. The three are united 
by membrane, at least basally. Some of the proximal plates have 
only 1 spine in the furrow, but usually there are 2. 

Mouth plates with 2 spines on the margin of furrow, and on the 
furrow face of the plate 2 smaller spines, the upper usually but not 
always larger than the corresponding (middle) adambulacral spine. 

Just back of the mouth plates and between them and the infero- 
marginals (which extend proximad as far as the third adambulacral)' 
is a fair-sized actinal intermediate plate bearing a spine similar to 
those of the inferomarginals. On either side of this, and wedged 
in between the third and fourth adanibulacrals and first inferomar- 
ginals, are 2 or 3 very small, almost rudimentary actinal intermediate 
plates. These are, of course, invisible unless the integument is 
thoroughly cleaned off. There are thus 6 or 6 actinal intermediate 
plates entirely distinct from the rather numerous intermarginals 
which form a large part of the actinal area of disk. 

Madreporic body small, raised, flat-topped, with few striations. 
It is situated a trifle less than one-half r from center. 
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• 

Color in alcohol, bleached reddish brown. 

Type,—C9X. 37001, U.S.N.M. 

Type-locaUty. — Station 5483, Surigao Strait, off Cabugan Grindj 
Island, 74 fathoms, sand, broken shells ; 2 specimens. 

Distribution. — Philippine Islands, 74 to 76 fathoms, on sand. 

Specimens examined. — ^Three; 2 from type-locality and 1 from stfr 
tion 5140, off Jolo, Sulu Archipelago, 76 fathoms, fine coral sand. 

Remarks. — ^This species bears a certain resemblance to E. cdUom^ 
but the disk is much larger, the ray shorter, and broadest at bta 
not slightly constricted as in caUosus; the spines are much i 
prominent; the skin is thinner, especially around the spines; papuli 
fewer; skeleton more regular; there are usually 3 adambula 
spines in a vertical series (2 in callosus)^ and the deposits of thj 
skin are very numerous, fairly evenly distributed, and in the fort 
of perforated plates, rather than branched rods or rather opel 
plates in streaks or areas. The plates are so numerous in the speci 
men from station 5140 that they form several layers in places ani 
nearly always overlap. In E. calloms^ which I examined, the de 
posits might be described as being scattered. 

Echinaster acanthodes H. L. Clark (1916, p. 61) from Queena 
land is nearly related to the present species and greatly resemble 
it. E. (wanthodes has, on every other adambulacral plate, except oi 
the 12-16 plates nearest the mouth a conspicuous subambulacn 
spine, in addition to the three spines in the furrow. Deposits in thi 
skin are not described. 

Geniu OTmUA Gray. 

OthUia Gbat, 1840, p. 281.— Type, Astei^s spinosa Retzlus, 1805 (not 
Pennant, lTn)=A9teria8 echinophora Lamarck, first species (by derfr | 
nation, Fisher, 19136).— Fisheb, 1911(f, p. 200; 19186, p. 195. 

Echinaster MtJixEB and Tboschsl (part), 1840a, p. 102; 1840&, p. 321; i 
1842, p. 22.— Authors generally.— Vebrhx, 1914a, p. 206 ; 1915, p. 35. ' 

Considerations which have led to the retention of OihSlia as the i 
name of this restricted group, instead of Echmaster Miiller and 
Troschel, have been discussed under the preceding genus. 

OTIHLIA PURPUREA Gray. 

Plate 122. fig. 1; plate 132, figs. 7, la-h. 

Othilia purpurea Gray, 1840, p. 282. 
Notes on Philippine specimens. — ^The specimens vary as to length 
of ray. One with long, slender rays has R=86 mm., r=12 nun^ 
R=7 r; ray 7 times as long as its breadth at base, measured along- 
side from interbrachial angle. Another specimen with stouter. 
broader rays has R=81 nmi., r=15 mm., R=5.4 r ; longest ray 5 times 
its breadth at base. The rays are generally unequal in length. 
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Of the 24 specimens, 12 have 6 rays and 2 madreporic bodies, 4 
have 5 rays and 2 madreporic bodies, 1 has 6 rays and 1 madreporite, 
1 has 5 rays and 1 madreporic body, 3 are comet forms (6 rayed, and 
1 has 2 madreporic bodies) ; 2 six-rayed and 1 five-rayed specimens 
each have the madreporic bodies (which are normally small) too in- 
conspicuous to determine exactly. 

The photographic figures will sufficiently show the external form 
of the species. It remains to note the arrangement of papulae and 
a few other features which are not verj^ well known. Just external 
to the adambulacral plates, and without intervening papular pores is 
a straight series of inferomarginal plates, about 10 corresponding 
to 16 adambulacrals. These plates are four-lobed and extend from 
behind the mouth plates, where there is an odd plate, to the tip of 
the ray. This is similar to the arrangement in Henricia except that 
the prominent actinal intermediate series is lacking. The odd plate 
just referred to probably corresponds to the odd actinal intermediate 
plate which I have found in EcMnaster caUosus and E, stereosom/usy 
and is not a true inferomarginal. The superomarginal plates are im- 
mediately above, and separated by a series of papular areas, contain- 
ing usually only a single papula (sometimes 2 or 3 at base of ray). 
Near the base of the ray (as in Henricia) the superomarginal series 
bends upward and reaches the interradial line about midway between 
month and anus. The angular space between the 2 series is filled in 
with intermarginal plates and about 6 or 7 papular areas. 

The abactinal plates form roundish or more or less irregular 
meshes, 10 to 12 of which can be counted across ray from one supero- 
marginal series to the other. These meshes are largest in the mid- 
radial region, and contain between 5 and 10 papulae. Most of the 
abactinal and all the marginal plates bear a short central, conical, 
blunt spinelet, heavily invested in membrane. 

The skin contains crowded holothurianlike perforated plates hav- 
ing an irregularly elliptical, oval, or subcircular form with 10 to 20 
perforations. Many are very irregular and in the form of branched 
and perforated rods. These are incomplete plates. The largest 
plates are about 0.05 mm. in diameter (see pi. 132, figs. 7, 7a-b). If a 
light-colored specimen is immersed for a short time in caustic potash 
the crowded deposits can be readily seen with a strong hand lens as a 
minute grayish granulation in the skin. These deposits are slightly 
thicker around the edges of the papular pores where they form 
rings. This immersion in caustic also reveals numerous glands scat- 
tered over the body, such as have been described for Echinaater cal- 
hstis by V. Marenzeller and E. aagenus by Ludwig. 

The adambulacral armature consists of 3 spines. Deep in furrow 
is a short, slightly curved, blunt, strongly compressed spine of a 
rather spatulate form but oriented with edge to furrow. The tip 
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of this just about reaches the base of the second spine, which stands 
on the edge of the adambulacral plates and is stouter, longer, com- 
pressed, and truncate at the tip. This series is united by thick mem- 
brane, and forms a serrate border to the furrow, the spines of one 
side usually fitting into the intervals between the spines of the oppo- 
site side. The spines of the same series are separated by a space 
about equal to their own thickness. Just back of them is the third 
spine, the bases almost touching, but as the outer spine is directed 
away from the furrow it appears in the undried and uncleared speci- 
men to be considerably spaced from the second. The adambulacral 
plates are small, wider than long, and separated by an interval about 
one-half their own length. 

This species practises autotomy as shown by the comet forms, both 
of which have the buds of 6 new rays. In one specimen two tiny 
madreporites are visible. 

Type-locality. — ^Mauritius. 

Diatribution. — ^Red Sea, Zanzibar, Mauritius, Mergui Archipelago, 
Madras, Philippines, Molucca Islands, Timor, Torres Strait, north- 
east Australia, New 2iealand. 

Specimens examined, — ^Twenty-four: 

Specimens of OthUia purpurea ewamined. 
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Remarks. — ^Writers who have seen this species and the subsequently 
described O. eridaneUa — ^notably Miiller and Troschel, Perrier, de 
Loriol, and Koehler — do not say wherein the two differ. The range 
of eridaneUa is coextensive with the eastern part of that of purpurea^ 
while both forms have either 6 or 6 rays and 2 maderporio bodies. 
The authors referred to above have recorded the species as follows: 
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0. eridaneUa is recorded by Miiller and Troschel from New Ireland 
(1842, p. 24) ; by Perrier (1876, p. 106) from New Caledonia; by de 
Loriol (1893, p. 391) from Amboina (alsobyDoderlein,1896,p.322) ; 
by Eoehler (1910a, p. 174), who compared his specimens with the 
types, from Ganjam, India. O purpurea is recorded by Miiller and 
Troschel (as E. faUax) from " India and the Eed Sea " (1842, p. 24) ; 
by Perrier from the Philippines and the Red Sea (1875, p. 106) ; by 
de Loriol from Mauritius (1885, p. 10) ; by Koehler from the Aru 
Islands (19105, p. 288). 

I suspect that the two names refer to one variable species. Even 
if the specimens in the eastern part of the range differ sufficiently 
from those of Mauritius and westward, the former are not likely to be 
separable from Gray's previously described OthiUa hizonica (1840, 
p. 282). De Loriol, an astute systematist, compared specimens of 
purpurea from Mauritius with six-rayed examples from the Philip- 
pines without finding any important differences. What differences 
do exist between eridaneUa and purpurea^ 

0. purpwrea has been listed by Farquhar ^ (1898, p. 316) from New 
Zealand, and by R. N. Rudmose Brown (1910, p. 35) from the Mergui 
Archipelago. 

Through the kindness of Dr. H. L. Clark, I have seen several 
specimens, both five- and six-rayed, collected by him in Torres Strait, 
at Thursday Island, and Emb (Murray Islands). 

Geniifl HENRIdA Gfsy. 

Henricia Gkat, 1840, p. 184. Type H. ooulata Gray [AtterUia sa/nguinO' 
lenta O. F. MOUer]. 

With few exceptions the species of this genus are very variable and 
consequently difficult to identify accurately, even with specimens for 
comparison. Identifications based upon descriptions and figures are 
less reliable. 

Although the three forms listed below have been given full specific 
rank, and are apparently very different, experience with Henricia in 
the North Pacific has taught me to go carefully, because wide dif- 
ference in appearance is not a barrier to intergradation. However, 
in this case there is no alternative, because material is scanty. It will 
not be surprising if Hemicia arcystata is a Philippine race of the 
Andaman H. mutans. As for H. densispma^ the identification can 
only be made certain by a comparison with specimens from the type- 
locality. The type is certainly an immature form. I have no sug- 
gestions to offer as to the relationship of H. microplax. Its resem- 
blance aborally to H, sanguinoleuta is very superficial. I do not 
think its relations lie in that direction. 

> On Uie BcMnoderm Fauna of NciW Zealand. Proc. Linn. Soc. New South Wales. 1898» 
Pt 8, Aug. 81. 
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The student will find the figures a more reliable means of identi- 
fication than the descriptions, which are susceptible of being mis- 
understood, or of being stretched to cover variations which they are 
not meant to include. 

HENRICIA DENSISPINA (Sladen). 

Plate 118, figs. 2, 3 ; plate 119, figs. 1-3. 
Cribrella densiapina Sladen, 1879, p. 432, pi. 8, figs. 5-9. 

Diagnosis. — Rays 5, slender, either subcylindrical or depressed, tap- 
ering, rather long, but varying according to size; abactinal papular 
areas about same size, or larger than plates, sometimes including a 
secondary plate or two within the mesh; papulae usually 1 to 3; 
spinelets numerous, very delicate, ending in a sharp point or points; 
3 regular series of plates adjacent to adambulacral plates, the median 
the larger; adambulacral plates with 2 or 3 compressed spinelets in 
vertical series in furrow and upward of 25 on surface. R=53 
mm., r=7 mm., R=7.5 r; breadth of ray at base, 7 mm. 

Description, — ^The meshes of the abactinal skeleton are smaller 
than in H. arcystata^ with usuaUy 1 to 3 papulae. Most of the 
meshes have no secondary plates and where these are present there 
are only 1 or 2. Although the trabeculae are narrow, as in arcystata^ 
the spinelets are more numerous and fully twice as long, ending in 
several exceedingly delicate points. The abactinal surface has much 
the appearance of that of the less extreme specimens of Henricia 
'leviuscula multispvna Fisher, while aacystata would correspond to 
H, I. annectens, but with slenderer, generally smaller spinelets. 

Parallel to the adambulacral series are 3 regular rows of plates, 
the inner extending two-thirds to three-fourths the length of the 
ray, the other 2, the marginals, reaching to the tip. The actinal in- 
termediate and superomarginal plates are subequal, oblong to sub- 
circular, with 30-35 spinelets. The inferomarginals are larger, sub- 
triangular (the base distad and slightly excavated or concave) and 
correspond to the superomarginals in position and generally also to 
the intermediate plates, so that the three form a transverse series. A 
series of single papulae ocur intermarginally and inframarginaUy. 
Sometimes the inferomarginals hav^ more the T shape of those of 
arcystata^ but in that case the spinelets are more numerous and 
longer. 

Adambulacral plates with 2 or 8 small compressed spinelets form- 
ing a vertical series on the furrow face. Subambulacral spines 10 
to 25 on proximal third of ray. An angular group of 6 to 8 con- 
forms to the angular furrow margin of the plate, of which 5 usually 
stand on the projecting margin while the other spines rapidly dimin- 
ish in length, the outer half of the plate being occupied by 15 to 20 
small spinelets, which grade into those of the actinal intermediate 
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plates. The longest spines next to furrow are equal to 1.5 adam- 
bulacral plates in length, and are shorter than in aroystata. The 
spines are webbed together by their bases, as also are those of the 
abactinal and marginal plates (but less conspicuously). In this 
form the adambulacral spines are very much more numerous than in 
arcystatOj while the spines along the furrow margin are slightly 
shorter. 

Madreporic body situated at about the middle of r, variable in 
size, usually rather small, with few ridges which are closely covered 
with spinelets. 

Type-locality. — Straits of Korea (Sladen). 

Distribution. — Straits of Korea ; central part of Philippine Archi- 
pelago, 169 to 428 fathoms. 

Specimens examined. — ^Eleven, from the following stations: 

5510, nigan Bay, north coast of Mindanao, 428 fathoms, gray mud, 
fine sand, bottom temperature 58® F. ; 1 specimen. 

5517, 10.5 miles northeast Point Tagolo Light, Mindanao, 169 
fathoms, bottom temperature 54.3® F. ; 1 specimen. 

5519, near 5517, 182 fathoms, globigerina, sand, bottom temper- 
ature 54.8® F. ; 5 specimens. 

5523, 6.7 miles northeast Point Tagolo, depth and bottom unre- 
corded ; 2 specimens. 

5524, 17 miles northeast Point Tagolo, 860 fathoms, sand, bottom 
temperature 52.8® F. ; 1 specimen. 

5586, between Negros and Siquijor, 279 fathoms, green mud, bot- 
tom temperature 53.6® F.; 1 specimen. 

Remarks. — From station 5523 is a small specimen having R, 28 
mm., and r, 5 mm., hence almost exactly the size of the type of 
densispma, which, of course, is a young specimen. As a conse- 
quence the abactinal skeleton is much less open than in the specimens 
described above, and the spinelets are fewer. On the furrow face 
of the proximal adambulacrals are two spinelets. 



HENBICIA MICROPLAX 

Plate 120, figs. 8, 5; plate 121, fig. 2; plate 132, fig. 8. 

Hemioia microplax Fishkb, 1017&, p. 91. 

Diagnosis. — ^Bays 5. K=45 mm., r=7 mm., R=6.4 r; breadth of 
ray at base, 8 mm. Kays slender, depressed, slightly swollen at 
base; disk small with an interradial sulcus near margin. General 
appearance of abactinal surface similar to that of H. sanguinolenta; 
saperomarginal plates forming an inconspicuous series; inferomar- 
ginals in a regular conspicuous series; several series of actinal in- 
termediate plates at base of ray; adambulacral spines about 15, be- 
sides 3 or 4 on the furrow face of plate. 

13434— Bun. 100—19 29 
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cription, — ^The abactinal plates are much smaller and closer 
ler than in denmpinOy the papular areas are smaller and have 
ae papula, and there are fewer, shorter, and slightly stouter 
ets, about 10 to 15 to each separate group and arranged in 2 

series. These plates are frequently crescent-shaped and 
imes two groups will be merged into one, partly surrounding 
ular area. In densispma there are actually much fewer plates, 

are larger and have a variable number of crowded spinelets— 
y 26 to 50. 

ng the lateral face of the ray is a rather indistinct line of su- 
larginal plates, which are about twice as large as the adjacent 
marginal plates, 2 to 3 rows of which form a triangular 
prolonged in a single series half the length of ray, beyond 

point the superomarginals are adjacent to the inferomar- 
(. The latter are broader than long, perfectly distinct, 2 or 
es larger than the superomarginals, and are separated from 
lambulacrals for three-fourths the length of ray by a series of 
1 intermediate plates; a second series extends nearly half the 
L, a third about one-sixth, while 4 or 5 plates of a fourth 
are present close to the interradial line. 

the furrow face of the adambulacral plates is a vertical series, or 
imes a group of 3, occasionally 4, small spinelets. As a rule only 
jpermost is visible when the furrow is closed naturally. Sub- 
lacral spines about 15 or 16 on proximal half of ray. Three 
a triangular group on the margin and are spatulate, sometimes 
ed at the end and much larger than the others. There are 
y 2 smaller spinelets behind these, while the remainder form 2 
[Tegular series and are granulif orm in appearance, 
ireporic body situated at about middle of r fairly large, but 
spicuous on account of the ridges being covered with spinelets; 
radiating. 

?6.— Cat. No. 37006, U.S.N.M. 

le-locality. — Station 5518, Mindanao Sea, oflP Point Tagolo, 
mao, 200 fathoms, gray mud, globigerina, bottom temperature 
. ; 1 specimen. 

ruirka. — ^This species was taken in the general locality at whidi 
nsispina was collected. There is no way to decide whether it 
ariety of densispina^ or a distinct form, on account of lack of 
ial. The differences in the spines and abactinal plates have 
ly been pointed out. In denaispina the superomarginals are 
more conspicuous, and are in contact with the inferomarginals 
le length of the ray, there being only a few intermarginals on 
sk. There is but 1 series of actinal intermediate plates, while 
oroplax there are several at the base of ray. This causes the 
marginals to be bent outward so that they reach the interradial 
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line at the ambitus. The general f acies of the two forms is different. 
Both, however, have 3 small spinelets in the furrow, and numerous 
subambulacral spines. In denaiapina the latter are more numerous, 
however, and the furrow margin forms a more prominent angle. 

This species differs from H. praestans (Sladen) in lacking the 
large primary meshes of the abactinal skeleton (which resemble those 
of H. mutans) and in having more than 1 spinelet on the furrow face 
of the adambulacral. Superficially at least there is considerable 
similarity between the actinal surfaces of the 2 forms. 

HENSICU ARCYSTATA Ftalier. 

Plate 118, figs. 4, 5; plate 119, fig. 4; plate 120, fig. 2; plate 132, fig. 4. 
Henrioia aroyataia Fishesk, 1917&, p. 91. 

Diagnosis. — Similar in general appearance to E, nvutans (Koeh- 
ler), but with shorter rays, 2 or 3 spinelets on the furrow face of 
the adambulacral plates (instead of apparently 1), and with a dis- 
tinct series of T-shaped inferomarginals and crescentic superomar- 
giaals. E = 72 mm., r = 10 nmi., R = 7.2 r; breadth of ray at base, 
9 to 10 mm. Bays slender, depressed, curved at the end, tapering 
very slightly. 

Description. — Bays slender, depressed, and of the general form 
of those of H. rrmtcuns (but shorter) , and the primary meshes of the 
skeleton usually smaller on the disk and proximal fifth of ray as 
m that species. In a specimen from station 5536 the meshes are as 
large on the disk as on the rays. These large meshes are irregular 
and contain 1 to 5 or 6 smaller plates which are not so prominent as 
the others, and form a secondary network separating fairly conspic- 
uous papulae, of which there are 1 to 5 or 6 in each primary area 
on the ray. The rather narrow skeletal pieces bear about 3 or 4 
rows of delicate, sharp, very small spinelets. 

Extending about four-fifths the length of ray adjacent to the 
adambulacral plates and corresponding to them is a series of inter- 
mediate plates, the elevated spine bearing tubulum being wider than 
long and covered with numerous sharp, short spinelets. The inter- 
vals between the plates are as wide as the length of the tabulum, 
rather deep and without papulae. External to these is a fairly reg- 
ular series of three-lobed or T-shaped plates oriented with the arms 
transverse to the axis of ray. The vertical portion of the T (which 
is very short) is parallel to furrow and separates a couple of papu- 
lae, this double series continuing to the end of ray. Adjacent to 
these is a series of smaller, mostly crescentic, plates, oriented 
obHquely, representing the superomarginals. Both series of mar- 
ginals have numerous tiny spinelets similar to those of the abac- 
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tinal surface. At base of ray there are 1 or 2 extra short intermediate 
series of plates and 1 short intermarginal series, sometimes extending 
a third of the length of ray. 

On the furrow face of the adambulacral plates, which are slightly 
wider than long, is a vertical series of 3 or 2 compressed spinelets. 
On the actinal surface are about 8 or 9 prominent spines of which 3 
form, usually, a triangle on the furrow margin, 2 slightly shorter 
stand back of them, and 8 or 4 decidedly shorter, but much longer 
than the actinal intermediate spinelets form a group on the outer 
end of plate. The prominent spines are tapering, pointed, and about 
2 plates in length. The subambulacral spines form a bristling arma- 
ture along the borders of the furrow, notable by their superior length 
over all the other spines. 

The madreporic body is slightly convex, small, and situated at 
about the middle of r. The striae are few, transverse, and bear tiny 
spinelets, usually in a single series on the top of the ridge. 

Type.— Cfit No. 37067, U.S.N.M. 

Type-locaiity. — Station 6536, between Negros and Siquijor, 279 
fathoms, green mud, bottom temperature 53.5® F. ; 3 specimens. 

Distribution. — Central part of the Philippine group, 279 to 530 
fathoms. 

Specimens examined. — Four; besides the types, 1 from station 5219, 
between Marinduque and Luzon, 530 fathoms, green mud, bottom 
temperature 50.8® F. (typical). 

Rem/irks. — This slender-rayed form differs from H. mutans Koeh- 
ler in having well-defined marginal plates, and a vertical series of 
usually 3 spinelets on the furrow face of the adambulacral plate. The 
lowest of these 3 spinelets is close to the end of the ambulacral plate. 
I am uncertain whether mnUans has more than the 1 furrow spine- 
let. In the description, the plates are said to have " 3 spines on the 
inner edge directed into the furrow." The furrow spinelets of 
arcystata are in a distinct vertical series and not on the furrow mar- 
gin as generally understood. In mutans the actinal plates are de- 
scribed and figured as being arranged without order. H. wMwm 
was dredged near the Andaman Islands in 480 fathoms. 

From H. praestams (Sladen), arcystaia differs in having the 3 
furrow spinelets, slenderer rays, less compactly placed actinal plates 
with larger actinal papular areas, and longer spines bordering the 
furrows. This species was taken off the Crozet Islands in 210 
fathoms, and is a subantarctic form. 
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Family ACANTHASTERIDAE Fisher, 1911. 

Genns ACANTHASTER Gerrals. 

Aoanthaster Gebvais Diet. sd. nat., suppl., vol. 1, 1841, p. 470. Type, A. 
echinus {=^A. planoi Linnaeus.) 

ACANTHASTER PLANCI (Limiaeiu). 

Asterias pland Linnabus, Syst. Nat, ed. 10, Appendix, 1758, p. 828. Quotes 
Golumna, Phytohasanos, pi. 83, fig. A.— YsBRnx, 1914a, p. 864; 1914&, 
p. 16. 

Asterias echinites 'Elllb and Solaitdeb, Nat. hist zooph., 1786, pL 60 to 62. 

Aoanthaster echinus Gkbvais, Diet. sel. nat, suppl., vol. 1, 1841, p. 474. 

Acanthaster echinites LthnssN, Vldensk. Medd., 1871, p. 292. 

Acanthaster planoi Vebbill, 1914a, p. 873. 

The largest specimen, from Pangasinan Island, has: K=185 mm., 
r=85 m., 6 madreporic bodies, and 15 rays. The abactinal spines of 
the disk are of medium lengtii (10 to 15 mm.), those of the distal 
two-thirds of the ray being much stouter and longer (25 mm.). 
The spines have prominent pedicels or columns to which they are 
articulated, and the abactinal pedicellariae are long and slender. 
There are generally 8 furrow spines of conspicuous size, with a 
very short, stubby spinelet at either or both ends; or in place of the 
adoral spinelet, a short, obtuse, slightly tapered two-jawed pedi- 
cellaria. A majority of the plates have a prominent compressed, 
tapered, two- jawed pedicellaria, about three-fourths as long as the 
longest furrow spine, situated on the furrow face of the plate, near 
the adoral edge. It is usually oriented so that the jaws are dorsal 
and ventral. The subambulacral and actinal intermediate spines are 
prominent and grooved on the outer side of the distal half or third. 

In the specimen from near Zamboanga, which is smaller than the 
last (B=130 mm.), the spines are all longer, the abactinal spines 
of disk being 20 to 25 mm. long and those near the end of the ray 
about 35 mm. There are 13 rays and 8 madreporic bodies. Furrow 
spines usually 3, sometimes 4. The prominent furrow pedicellaria 
is usually present. The subambulacral and actinal intermediate 
spines are slenderer and not so prominently grooved at the tip. 
The abactinal pedicellariae are long and slender (about 2.5 mm.). 

In the specimen from Cataingan Bay (R=160 mm.) the abactinal 
spines are still longer, being about 25 to 35 mm. in length on disk 
and 45 mm. on ray; rays 13; madreporic bodies, 4; furrow spines 
usually 3, with an adoral, rather prominent, pedicellaria, and an- 
other in the furrow. The subambulacral and actinal intermediate 
spines are tapered and grooved for a short distance at the tip. 

A relatively small example from Destacado Island (R=73 mm.) 
has long abactinal spines, 14 rays, and 5 madreporic bodies. 

Type-locaUty. — Goa, Portugese India (Columna's figure). 
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ution, — Red Sea to the Philippine and Ryukyu Islands, 

[slands, Viti, Fiji, and Samoan Islands. 

ens examined. — Four : 

inan Island, vicinity of Jolo, coral reef; 1 specimen. 

lanta Cruz Island, vicinity Zamboanga, reefs; 1 specimen, 

ran Bay, Masbate, coral reefs; 1 specimen. 

iay, Destacado Island, between Samar and Masbate, rocks 

; 1 specimen. 

ACANTHA8TBB BBEVI8PINU8 FtolMr. 

Plate 117 ; plate 118» fig. 1 ; plate 131, figs. 6, Qor-d. 
4i9ter brevispinua Fisheb, 19176, p. 92. 

818. — Resembling A. mauritiensis de Loriol, but differing in 
xe abactinal spines of disk reduced to mere spinelets, in 
nooth or nearly smooth disk spines on both surfaces, and 
; only 2 or 3 furrow spinelets, shorter than the length of 
e instead of decidedly longer. Rays 14 to 16. R=90 mm., 
L,;R=1.76r. 

tion. — Abactinal surface of disk beset with numerous, 
;apered, skin-covered spinelets, 2 mm. or less in length, 
quently end in a slightly expanded three-edged, pointed 
t of the spinelet is smooth, but a few granules are found 
le base of the spinelet proper and sometimes for a third of 
. On some of the spinelets the granules, which are hidden 
rane until dried, mount up one side nearly to the expanded 

spines of the rays are more widely spaced and vary from 
m. in length. They increase in size toward the end of the 
lave a sparse fine granulation usually hidden by skin. In 
the spines are articulated to an elevated tabulum or column, 
s form the column is almost wanting. 
>actinal spines are more numerous and much closer to- 

the disk than in A. planci^ as the abactinal skeleton has a 
sh. Granulation of abactinal surface spaced and fine on 
reasing in coarseness and density toward the margin. 
[ pedicellariae small, two- or three-jawed, and 0.5 to 0.75 
. The jaws are thick, round-tipped, and the whole pedicel- 
7 be nearly as broad as high. In A. planci the abactinal 
•iae are very slender, the jaws being 8 to 6 times longer 
width. 

r spinelets 2 or 8, occasionally 1, short, imequal, tapered, 
st generally a little shorter than its plate. When there 
t median is the longest. In the furrow, abactinad to the 
irrow spinelet is a prominent two-jawed pedicellaria and 
I same length as an average furrow spine. Its jaws are 
lorsal and ventral. The subambulacral spines are about as 
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long as two plates, or a trifle less, slightly tapered, bluntly pointed, 
and sometimes faintly grooved on the outer side near the tip. 

The actinal intermediate spines (of which the innermost series 
extends nearly to end of ray) are about two-thirds the length of the 
subambulacrads on the disk, and subequal on the ray. On the disk 
the intermediate ^ines are in about 8 irregular chevrons, including 
that adjacent to the subambulacrals. Inferomarginal spines, 17 
or 18 ; superomarginal spines about 7, the longer 6 to 9 mm. in length. 
Actinal granulation rather coarse, though the skin magnifies the size 
of the actinal granules. This granulation is found also on the base 
of the spines, but not on the shaft. 

Mouth plates narrow, with usually 5 stout flattened spines, fol- 
lowed by 8 short spinelets, just back of which is a prominent 
suboral spine. 

Madreporic bodies, 8 to 5. 

Type.—C2it. No. 87027, U.S.N.M. 

Type-locaZUy. — Station 6149, off Sinm Island, Sulu Archipelago, 
vicinity of Siasi, 10 fathoms, coral, shells; 2 specimena 

Bemarka. — ^The differences between this form and A. mauritiensis 
and A. planci can be best appreciated if put in synoptical form. 

0^. Adambulacral spines 8 to 5 ordinarily conspicuously longer than their own 
plate; spines at least of abactinal surface obviously granulated usually 
for nearly their whole length; abactinal pedicellariae with long, slender 
Jaws. 
b\ Abactinal spines long, adcular, borne on high columns or pedicels belong- 
ing to the cruciform and rather widely spaced plates; spines of disk, 
including pedicels, one-third to one-fourth length of ray, measured 
along side; actinal spines with a fine granulation, or with a large part 
of the spine nearly smooth ; subambulacral spine equal to about 3 adam- 
bulacral plates in length, occasionaUy 8.5 A. planci. 

&*. Abactinal spines distinctly short, those of disk (including pedicel) not 
exceeding, and usually not attaining, one-sixth the length of ray, meas- 
ured alongside; actinal spines with a course granulation covering greater 
part of spine, at least on one side; subambulacral spine less than 8 

adambulacral plates in length i. mauritienHs, 

a^ Adambulacral spines 2 or 8, occasionally 1, not longer than their plate; 
abactinal spines of disk usually smooth for most of their length, with a 
three-edged tip, and usually less than one-twelfth the length of ray meas- 
ured along side; abactinal pediceUarlae with short, thick Jaws; actinal 
spines smooth for the greater part of their length ; subambulacral spines 
equal to 2 adambulacral plates in length A.. In-evispinus, 

As compared with plcmci the disk spinelets of brevispintts are much 
more numerous, owing to the closer ineshed skeleton, and are insignifi- 
cant in size. 

A. eUiHi Gray is not well known. It is described by Perrier as 
having the spines disposed very nearly as in plcmci^ but completely 
devoid of granules. The pedicellariae are very short. The rays are 
either 19 or 15, madreporic bodies 7, and the adambulacral furrow 
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ts are 2 or 8, nearly equal and divergent. Gray's original 
ds (1840, p. 281, Eckinaster ElliaU) states that the type, which 
1 South America, has 11 or 12 rays, 16 madreporic bodies 
al warts"), and large thick spines. In his generic diagnosis 
inaater {^^Acanthaater^ s. s.) he states that the spines are very 
id covered with granular skin, and have generally a second 
ition about one-third the length from base. This would in- 
bhat both his E. eUisii and E. solaria are large-spined species 
Lgh pedicels or tabula, and granules on the spines. 

Family SOLASTERIDAE Perrier, emended. 

Genns SOLASTER Forbes. 

ister FoBBES, Mem. Wemerian Nat Hist Soc., vol. 8, 1839, p. 120. 
Type, Aateriaa endeca Linnaeus. 

SOLASTKB TROPICUS FUmt. 

Plate 125; plate 126, fig. 2; pUte 188, figs. 2, 2a-b. 

later iropkma FismcB, 1918o, p. 221. 

fnoaia. — ^Bays 9 or 10; R=146 mm., r=63 mm., K=2.7+r; 
ii of ray at base, about 85 mm. Disk large, rays fairly broad 
5 tapering to a pointed extremity. Pseudopaxillae very small, 
aced, with 4 to 6 small spinelets; inferomarginal plates promi- 
dth numerous spinelets increasing very rapidly in size toward 
tier or lower end of the compressed, transversely oriented 
u or pedicel; distal marginals with mostly large spinelets 
furrow spines 5 or 6, rather long; subambulacral spines 5 to 
qual in length to furrow spines but heavier; the inner end of 
tnsverse comb is turned aborad, and the innermost spine is 
' than the second; superomarginal paxillae small, altematii^ 
bie inferomarginals. Eesembling somewhat S. paxUlatua^ but 
lore numerous furrow spines, less conspicuous subambulacrals, 
r inferomarginal spinelets, less conspicuous superomarginals, 
wer paxillar spinelets. 

mption. — Abactinal surface covered with very small pseudo- 
le about 0.5 to 0.75 mm. in diameter and spaced 2 to 4 times 
vidth. On the disk they bear 5 or 6 and on the ray about 4 
prickly spinelets, united into a fascicular group by membrane, 
axillae are about 0.5 to 0.6 mm. in height and are relatively 
ividely spaced on the rays than on disk. On the sides of the 
ley are arranged in slightly oblique transverse series. Papulae 
lent. In each interradiaus midway between center and margin 
is a streak or area where the paxillae are sparse. Abactinal 
delicate, 4-lobed in the small specimen but in the type often 
obed, or in the form of rods. The plates of the lateral por- 
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tioBS of ray are united into transverse series independent of each 
other, or the lobes may touch, depending somewhat upon the amount 
of inflation of the integument. In the radial region, the plates are 
frequently independent, and small as well as medium-sized plates 
are present in the large incomplete meshes of the skeleton. These 
growing plates are oval, elliptical, or incipiently 3-lobed. 

In the small specimen the inferomarginals define the ambitus, but 
in the type they retreat slightly onto the ventral surface in the inter- 
brachium. Inferomarginals 48, compressed as in S, paxUlatus with 
proximally a low fan-shaped pedicel, the width of which diminishes 
distad. Proximally, the spinif erous margin is about twice the height 
and bears about 30 spinelets, small at the outer end and increasing 
in length toward the inner, where 5 or 6 spinelets are 6 or 8 times 
the length of the outermost, sharp, and invested in pulpy membrane. 
On the outer part of the ray the pedicels become narrower and the 
larger spinelets occupy the greater part of the free margin, the small 
spinelets becoming greatly reduced in number, usually to a few at 
the upper or outer end. As compared with paanUatit8 the inner spine- 
lets of the inferomarginals are decidedly larger and are more as they 
are in /S'. borealis^ but the spinelets are more numerous and the pedicels 
lower. In borectlis the lateral spines are very conspicuous on the 
distal marginals. 

Superomarginals very small, with 8 or 10 spinelets, and situated 
usually above an intersfpace bietween 2 inferomarginals. 

Actinal interradial areas large, containing 6 chevrons of plates (4 
m small specimen) , bearing each 5 to 8 pointed spines, heavily in- 
vested in membrane. These fascicles of spines are well spaced 
(usually about the length of the spines apart). Two series of inter- 
mediate plates extend to the eighth inferomarginal and a single 
series (each plate with usuaUy only 1 spine) extends nearly to the 
tip of ray. 

Furrow spines, 5 or 6, the median slightly the longest, all united 
by web for two-thirds their length, the membrane often forming a 
spatulate pad at the tip of each spine. The spines are tapering, 
pointed, and rather long, being IJ to 1^ the length of base line of 
comb, and long enough when erect to extend well above surface of 
plate. Subambulacral spines usually 5 to 7, tapering, pointed, basally 
webbed and heavily invested in membrane, about equal in length to 
the furrow spines, but much heavier. The inner spine is shorter 
than the other 4 or 5 and situated aborad of the transverse line made 
by the series; or 2 spines form a longitudinal series just back of the 
furrow series, and 8 or 4 others a transverse series across plate op- 
posite the interspace between first 2 spines. The subambulacrals are 
joined by a slight web to the furrow fan. 
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:ginal mouth spines, 11 or 12, the inner 8 of each plate pointed, 
the innermost as long as the base line of entire series; the outer 
much slenderer and shorter and decreasing in length toward flie 
end of margin. All are united by membrane. Suboral spines 

10 (6 in small specimen), in an irregular series parallel to 
n suture. In the type they are smaller than the marginal 
1, but in the small specimen the inner 1 or 2 are about as long 
\ fourth or fifth marginal spines. Along the median suture 
n is a row of low papillae without a calcareous core, 
ireporic body, 4 mm. in diameter, prominent, surrounded by 

6 pseudopaxillae, and situated its own diameter adcentral to 
iddle of r. 

?^.— Cat. No. 82647, U.S.N.M. 

ye-locaUty. — Station 5654, Gulf of Boni, Celebes, 805 fathoms; 
Q not recorded, bottom temperature 38.3° F. 
trihution. — ^Known only from Gulf of Boni and Molucca 

ge- 

dmens examined. — ^The type and a specimen from station 

oflF March Island, Molucca Passage, 435 fathoms, fine gray 
ind mud. 

larks. — ^This species is allied to S. paxUlatus Sladen, but proba- 
ot very closely, while it also shows some resemblance to S. 
is Fisher, though it is not related to this form, unless remotely, 
following differences separate tropicus from paaUlcUits: In 
tw the paxillae have fewer, relatively coarser spinelets; mar- 
plates lower, with conspicuously heavier spinelets at the inner 
rer end than at the upper or outer, and distal marginals occu- 
hnost entirely by a relatively few large spinelets (somewhat as 
^orealis) ; in S. paxUlatus the inner marginal spinelets are only 
9 larger than the outer, and the armature of the distal margin- 
es not differ materially from that of the proximal ; in tropicus 
iperomarginals are lower and less conspicuous, the furrow 

more numerous (5 or 6 instead of 3 or 4) and in large speci- 
the subambulacral spines are decidedly less prominent (sub- 
to furrow spines). Tropicus differs from borealis in having 
X)minent marginal plates and much more numerous and smaller 
nal spines, distinguishable superomarginal plates, more numer- 
id longer furrow spines and more numerous and longer sub- 
acral spines. JS. torulatus Sladen from north of the Kermadec 
Is has less prominent marginals actinally situated, and with 
lal spinelets ; the furrow spines are shorter, the subambulacral 

fewer and in a straight series; the actinal interradial areas 
»r, and the abactinal paxillar spinelets slightly more numerous. 
fularis Sladen has larger and more widely spaced paxillae, 
prominent marginal plates, and the subambulacral spines form 
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a straight series. S. mbarcuatua Sladen has fewer inferomarginal 
spines (10-12), fewer furrow spines (3 or 4), and fewer oral and 
suboral spines. The species is said to resemble 8. endeca^ which 
8. tropicus does not. 

Genns CROSSASTER MiiUer and Troschel. 

CrosaoBter MtliXEB and Tboschel, 1840a, p. 108. Type, AsterUu papposa 
Linnaeus. 
The two genera, Solaster and CrosscLSter^ have been united by 
most recent writers,^ although in practice it is not very difficult to 
recognize them. Since new species of the CrosBoster type are con- 
tinually being described, it is becoming more and more desirable to 
keep them separate. A good differential character is the presence 
in Crossaster of a complete membraneous interbrachial septum be- 
tween the internal interradial calcareous dorsoventral pillar and 
the margin. The pillar arisen from the mouth plates and passes 
upward, its point of union with the abactinal skeleton being usually 
marked by a smooth spineless area. In Croasaster pappoaus be- 
tween this calcified buttress and the margin there is a definite 
septum separating the gonads of adjacent rays, while in Solaster en- 
deca^ S. bareaUsj and S. dbyaaorum the pillar is present, but not the 
membranous septum; as a result the gonads of adjacent rays are 
not separated, and the coelom is continuous.^ 

CBOSSASTEB SCOTOPHILUS (PUher). 
Plate 124, flg. 1 ; plate 133, figs. 3, 3a. 

Solaster scotophilus Fisher, 1913c, p. 222. 
Diagnosis, — ^Related to Crosaaster pappoaua^ but differing in being 
of a much more delicate habit, with more numerous furrow and sub- 
oral spines, smaller paxillae, smaller and more numerous marginal 
paxillae, and a much more delicate skeleton. Eays 9; R=48 mm., 
r=14 mm., E=3.4 r; breadth of ray at base 10 mm.; disk large, 
I rays slender, flexible, tapering to a sharp point; skeleton delicate, 
I open, irregular; paxillae small, the pedicel about 0.5 mm. high and 
I the longest spinelets 1.25 mm. long; marginal paxillae 24 or 25, deli- 
I cate; furrow spines very delicate, 8 or 9 ; subambulacral spines 7 to 9 ; 
: marginal mouth spines, 15. 

! Description. — Abactinal skeleton very open with widely spaced 

I pseudopaxillae consisting of a low pedicel and ordinarily 15 to 25 

very slender and sharp glassy spinelets, short about the periphery of 

tabulum and increasing in length to the center where they are 8 or 

^For eome of the reasons for uniting them see Fisher, 1911d, p. 889. Professor Ver- 
ifll, 1914a, p. 259, recognizes Orosaatter and remarks that " the dorsal ossicles do not 
form definite, obUque, transrerse rows on the sides of the rays as they do In SoUuter." 

'Fisher, 1916a, p. 5. 
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4 times the length of the pedicel. There are 2 to 5 or 6 prominent 
papulae to each mesh. The primary plates have 4 slender lobes, 
which are connected to neighboring plates by upward of 4 or 5 ellip- 
tical overlapping ossicles, forming slender trabeculae. The meshes 
are not symmetrical and often several are confluent, especially on 
outer part of ray. 

Marginal plates 24 or 25 prominent, with compressed pedicel bear- 
ing 60 or more very delicate spines which are decidedly longer at the 
lower end of the pedicel than at the upper, being IJ to li times the 
width of the pedicel. The marginal spines are also shorter than the 
central, as in the case of the abactinal plates. Between 2 marginal 
plates are 1 to 8 small abactinal paxillae. The marginals define the 
ambitus on the ray, but at the base pass to the actinal surface, keeping 
close to the adambulacral plates in consequence of the small size of 
the actinal intermediate areas. 

Furrow spines very slender, 10 on the first plate, then 9, then 8 
or 9, and on the outer part of the ray, 6. The median spines are 
longest and about 1^ to 2 times as long as the base line of comb, 
while the lateralmost are commonly only one-half as long as the base 
line, the intermediates being graduated in length between the two. 
They are united for about one-third their length by membrane. On 
the surface of the plate is an oblique, arcuate, transverse comb of 
7 to 9, usually 8 or 9, slender, basally webbed spines, the inner 5 or 6 
subequal and about IJ to IJ the length of the median furrow spines, 
but slightly stouter, the outer 2 or 3 considerably and progressively 
shorter. The spines are borne on an elongate slightly crescentic 
tumidity of the plate, the inner end of which is at the aboral furrow 
comer of the plate and the outer near the outer adoral comer. 
When the spines are spread fanwise with the points adorad (instead 
of being bent aborad and obliquely away from furrow) the base of 
the comb is nearly a semicircle and the special ridge has the appear- 
ance of a low pedicel comparable to the marginal pedicels but much 
less conspicuous. 

Mouth plates with 15 slender, marginal spines united basally by 
a web, and increasing in length from the outer toward the inner end 
of the plate, the innermost spine being as long as the base line of 
the marginal series. Suboral spines about 13, in a zigzag series the 
length of plate, basally webbed, and when standing erect forming a 
rather dense group on the companion plates, the ends of the spines 
rising well above the marginals (except the innermost to which the 
suborals are nearly equal). The spines, when separated, seem to 
form 3 oblique transverse series from the median suture ab<»ad 
toward the margin. 

Madreporic body situated a little nearer margin than middle of 
r, and with a large paxilla on the adcentral side. 
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Type.— Csit. No. 32648, U.S.N.M. 

Type-locality.— Stsition 5661, Gulf of Boni, Celebes, 700 fathoms, 
green mud, bottom temperature 38.7° F- ; 1 specimen. 

Distrihution, — Known only from type-locality. 

Remarks, — ^The only species, besides CrossasteT papposua^ to which 
C, scotophilua shows close resemblance, are C. penicUlaiua Sladen, 
from oflF Marion Island, 140 fathoms, and C. japonious (Fisher) from 
the Sea of Japan. C. japomcus is of the habit of C. pappoaus^ hav- 
ing large penicillate paxillae, and heavier spines generally than occur 
in scotophdlus. From penicillatusj 8Cotophilus differs in having much 
more numerous furrow spines (4 or 5 in pemciUattes) , more numer- 
ous marginal paxillae, and smaller and more delicate abactinal pax- 
illae. 

Geniis LOPHASTER YerrilL 

Lophaster Vebrux, Amer. Journ. Sol., ser. 3, yoL 16, 1878, p. 214. Type, 
Solasier furcifer Dtiben and Koren. 

LOPHASTER 8UI.UENSIS. 

Plate 128, fig. 2 ; plate 124, fig. 3 ; plate 182, figs. 8, 8a. 
LopJiaster auluensis Fibheb, 1913o, p. 219. 

DioffTiosis. — ^Resembling Z. fteroUUger Fisher in general form but 
with much lower pazillae, especially marginal, the pedicels being 
much shorter than the spines; inner or lower inferomarginal spines 
conspicuously longer than upper; furrow spines 5 or 6, rather long; 
subambulacral spines 3 or 4, heavier and longer than furrow spines, 
and equal to about 2 plates in length. Eays 5 ; B = 82 mm., r = 16 
mm., K = 6 r; breadth of ray at base, 19 or 20 mm.; rays slender, 
gradually tapering, bluntly pointed; abactinal surface arched; ac- 
tinal surface plane. 

Description, — ^Abactinal plates strongly 4-lobed, with a low ped- 
icel, bearing 7 to 10 tapering, thorny, pointed spines, the median 
slightly longer than the peripheral. The spines vary from 1 to 2 
mm. in length, while the pedicel is ordinarily about one-half the 
I^gth of the spines, slightly wider than high on the rays and slightly 
higher than wide on central portion of disk. Papular areas of apical 
region with 5 to 7 papulae; those of proximal part of ray with 3 
or 4 papulae; those of distal portion of ray with 1 or 2. Counting 
across the base of ray there are about 18 longitudinal series of plates, 
rather irregular in the median radial region. 

Marginal paxillae comparatively small, the superomarginal de- 
cidedly smaller than the inferomarginal and usually alternating 
with them. The inferomarginal paxillae have low pedicels, about 
as high as broad, surmoimted by about 15 to 18 spines of which 3 or 
4 on the side toward furrow are about 2.5 mm. long, while the others 
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se in size to about 0.75 mm. on the dorsal side of the paxilla. 
roximal superomarginals have 12 to 15 spines and the pedicel 
it two-thirds the height of the inferomarginal pedicels, while 
ft of spines is of about half the bulk of the inferomarginal 
Actinal interradial areas small, the plates bearing 3 or 4 
its and extending in a single series about two-thirds the 
of ray. 

row spines 5 or 6, usually 6, slender, tapering, webbed for two- 
their length, the 4 median the longest, and about IJ times the 
of base line of comb. Consecutive combs are separated by an 
il equal to one-half to the entire length of the base line comb, 
ibulacral spines 3 or 4, tapering, pointed, the outermost com- 
the longest, or the 2 or 3 outermost subequal and about twice 
y as the median furrow spines, as well as much stouter, the end 
spines being sometimes a trifle swollen. They are united by 
', the base only. 

ginal mouth spines 12 or 18, webbed, and increasing in length 
1 the innermost. Suboral spines, 2 to 4 on the median suture 
a near outer end of plate. 

Ireporic body prominent, situated at about the middle of r. 
^._Cat No. 32646, U.S.N.M. 

e-locality. — Station 5423, Sulu Sea, off Cagayan Island, 608 
as, gray mud, coral sand; bottom temperature 49.8® F.; 1 
len. 

larks. — ^This species is characterized, so far as the single speci- 
Uows one to judge, by the very low pedicels and relatively 
pines. The marginal paxillae are small, but the subambulacral 
are unusually large. L. svluensia differs from Z. furcifer in 
f longer, slenderer rays, longer paxillar spines, and relatively 
p pedicels, longer and unequal marginal paxillar spines, more 
ous furrow spines, and very much longer subambulacral spines, 
^ter being longer than the marginal paxillae with their spines. 
LOUth plates of L. suluensis are larger, with more nimierous and 
marginal spines (12 or 13). L. sultienMs differs from L. 
t5 Sladen, and L. abhreviatus Koehler (Antarctic species) in 
l a much less robust form, longer rays, more numerous furrow 
(4 short ones in steUans and 3 rather long ones in dbbreviatus) 
uch more prominent subambulacral spines (longer, not shorter, 
narginal paxillae with their spines). L. svJAierms resembles, 
leral form, more nearly 2 Antarctic species: Z. antarcticus 
Br and L. garni Koehler, but differs in having 5 or 6 instead of 
•ow spines, and 12 or 13 instead of 7 or 8 marginal mouth 
, L. antarcticus has 20 to 40 paxillar spines and much less 
uent subambulacral spines when compared either with the 
long furrow spines or the more prominent inferomarginal 
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pazillae. L. gawi has more prominent paxillar pedicels, less thorny 
paxillar spines, more prominent inferomarginal paxillae, and the 
actinal intermediate paxillae are reduced to about 4 in each inter- 
radial area. In Z. te^uensM they extend at least two-thirds the length 
of the ray. 

Genus XENORIAS Fisher. 

Xenorias (subgenus) Fishes, 1913e, p. 222. Type, Rhipidaster {Xenorias) 
polyctenius Fisher. 

Diagnosis. — ^Differing from Rhipidaster Sladen in the position of 
the marginal plates which are oblique, but instead of being parallel 
with one another are inclined at an angle of 45^ and touch by the 
intermarginal ends, forming a series of chevrons along the side of 
ray. Abactinal plates and adambulacral plates essentially as in 
RJdjridaster. 

XENORIAS POLTCTENIU8 (FlslMr). 

Plate 120, fig. 1 ; plate 123, fig. 1 ; plate 133, figs. 1. la-b. 
Rhipidaster (Xenorias) polyctenius Fisher, 1913c, p. 222. 

Diagnosis, — ^Bays 7; E=50 mm., r=14 mm., E=3.5+r; breadth of 
ray at base, 12 mm. ; rays slightly convex, tapering evenly to bluntly 
pointed extremity. Differing from Rhipidaster vannipes in having 
very much shorter abactinal spinelets invested in a common sheath ; 
curiously compressed, obliquely oriented, lateral superomar^nal 
and inferomarginal plates (with intermarginal ends adorad) bear- 
mg a transverse comb of webbed spines, those at the aboral end of 
each plate much larger than the others; furrow spines 9 or 10; sub- 
ambulacral comb of 4; abactinal integument pulpy, hiding the 
skeleton which consists of 3 or 4 lobed closely imbricated plates; 
papulae 1 to 3 to each mesh. 

Description. — ^Abactinal surface covered with rather uniformly 
distributed fascicular tufts of small spinlets invested in a common 
pulpy sheath from which the tips of the spinlets protrude a short 
distance. These fascicles with their investment are about 1 mm. long 
and 0.75 mm. in diameter, and resemble tubercular projections of the 
integument. In those which appear to be nearly normal the in- 
vestment forms a collar surrounding the spinelets which are them« 
selves embedded in the central pulpy part of the sheath. These 
fascicles are spaced about once their own diameter, or less, on disk 
and base of rays, and are arranged in quincunx on the sides of the 
rays. Each pseudopaxilla consists of a low pedicel or convex plate, 
sannounted by 8 to 12, or sometimes fewer very delicate tapering 
glassy spinelets closely bound for their basal half by tissue, and 
ending in several very sharp glassy points. On the central part of 
disk and outer part of ray many plates have 5 or 6 spinelets. The 
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abactinal integument between the fascicles of spinelets is thrown 
into numerous irregular wrinkles. 

On the midradial region the abactinal plates have usually 3 trun- 
cate lobes and on the lateral region 4, by which they overlap strongly, 
the small meshes containing 1, 2, or rarely 8, papulae. 

The marginal plates are conspicuous, low, transverse ridges 
oriented obliquely and bent aborad, so that each pair of marginals 
appears to form a chevron, the angle of which is toward base of ray, 
for the reason that the lower end of each superomarginal touches the 
upper end of the corresponding inferomarginal. A long series of 
chevrons thus occupies the side of each ray. Superomarginals 40. 
The spine-bearing crest has the appearance of being bent aborad and 
the upper end is in the form of a slight knob which bears 3 promi- 
nent, tapering, sharp, closely appressed spines (the median usually the 
longer), which, relative to the width of plate, are more prominent 
distally ; 6 to 9 much slenderer, shorter spinelets continue this series 
to the lower end of the plate, and at the same time become shorter; 
these spines are united by a web. 

The inferomarginal plates are formed and armed just like the 
superomarginals, except that the long spines (3 or 4 in number) are 
at the lower or actinal end and are longer than the corresponding 
superomarginal spines, being slightly longer than the extreme width 
of plate. Three to 5 small spines continue this series toward the 
intermarginal line. The large inferomarginal spines are on the 
angle between the lateral and actinal faces of the ray, and proxi- 
mally a fourth spine is added to the actinal end of the series. The 
points of the spines frequently converge (the median being longest) 
and the group has then the appearance of Sladen's figure of the 
^' actinal intermediate " spines of R. vannipes. The inferomarginal 
series of X. polyctenius evidently corresponds to the series of plates 
described by Sladen as actinal intermediates. When the marginals 
are cleaned they are seen to be imbricated in their own series, the 
adoral end slightly overlapping the aboral end of the next plate 
toward the mouth. The plates are curiously formed and slightly bent, 
the outer end of each suggesting the end of a femur flattened or the 
dorsal end of a rib. The intermarginal end is narrower as if the bone 
had been cut off at that point. 

Actinal intermediate plates about 8 only, just back of the mouth 
plates, and bearing a very few spinelets. 

Furrow spines 9 or 10, distally 8, united by membrane for two- 
thirds their length into a prominent scoop-shaped fan very much as 
in R. vannipes. The central 3 or 4 are longest, and are equal in length 
to about li the base line of the comb. On the surface of the plate is 
an oblique comb of 4 stouter, tapering, sharp spines, the 2 median 
the longest and slightly longer than the furrow spines. The sub- 
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ambnlacral comb resembles the inferomarginal comb, and the arma- 
ture of the adambulacrals closely resembles that of B. vamdpes^ except 
that the furrow spines are slightly more numerous. The actinal sur- 
face of the adambulacral plates is short and wide, the outer end 
underlying the ventral swollen end of an inferomarginal, to which 
the adambulacrals correspond in number. The surface midway be- 
tween the outer and inner ends bears an oblique tumidity for the 
reception of the subambulacral comb. The inner end of the plate 
broadens fan- wise for the reception of the furrow comb. The sutures 
between consecutive plates are actinally 2^ to 8 times the actinal 
length of the plate at its most constricted part. 

Mouth plates prominent and strongly convex at the outer end. 
Marginal spines 15 to 17, the 8 inner long, slender, pointed, and 
directed over actinostome, the remainder usually standing upright 
and much shorter and slenderer. They are united for about two- 
thirds their length by a web which is continuous between the series 
of companion plates. Near the inner end of the plate stands a 
slender, sharp, prominent, suboral spine adjacent to median suture 
and near its companion of the other plate; 8 shorter spines stand on 
the convexity near the outer end of plate midway between suture 
and furrow margins. 

Madreporic body medium-sized, with 8 pFates close to margin, and 
situated at about the middle of r. 

Type.— C2it. No. 82649, U.S.N.M. 

Type-locality. — Station 5622, off Makyan Island, Molucca Islands, 
275 fathoms, gray mud ; 1 specimen. 

Distribution. — ^Known only from the type-locality. 

Remarks. — Xenorias is more comparable to RMpidaster than to 
any other known genus, and the most important difference has been 
indicated in the generic diagnosis. It may be well to mention other 
differences, which are not necessarily generic. The abactinal skele- 
ton of X. polyctenius has small meshes, with generally only 1 papula 
to a mesh, while R. vammipes has a wide^meshed, reticulated skeleton, 
with upward of 5, 6, or even more papulae to a mesh. In the latter 
the plates bear a penicillate tuft of 4 or 5 prominent, sharp spinelets, 
apparently free from thick membrane, while in polyctenius the spine- 
lets are very small and are immersed in a common sheath. 

The marginal plates of Xenorias are peculiar in their orientation. 
They are situated on the side of the ray and are oriented at an angle 
of 2^ut 45^ to its long axis, in such a way (pi. 188, fig. la) that the 
inferomarginal forms a chevron with the superomarginal, pointing 
toward base of ray. The free end of each plate is larger than that 
meeting its fellow at the intermarginal line and bears the largest 
s. 
13434— BuU. 100—19 30 
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Family MYXASTERIDAE Penier. 

Genus MTXASTER Perrier. 

Mpxaster Pebbieb, Oomptes Rendus, voL 101, 1886, p. 886. Type, M. nl 
Perrier. 

MTZASTES MEDUSA (Fisher). 

Plate 184, figs. 2, 2a^. 
AathenacUs medusa Fibheb, 1913o, p. 224. 

Diagnosis. — ^Bajs 9. B=225 mm., r=62 mm., B=4.8 r; breadth 
of ray at base, 26 mm. Rays very flexible, slightly swollen at base, 
tapering, elevated, and somewhat trigonal in section; integument 
yielding, the plates very thin, and the skin soft and slimy; spinelets 
about 6 to a fascicle, the fascicles membrane invested and close-set; 
adambulacral spines webbed, 9 or 10, the outermost belonging to the 
next, adoral, plate; mouth spines, 13 or 14, webbed. Differing from 
Myxaster sol in having more numerous and longer mouth spines, a 
thicker skin, and 2 instead of 8 spines on the apophysis of each adam- 
bulacral plate. 

Description. — ^Abactinal plates very thin, imbricated, each bearing 
a fascicle of extremely delicate spines, usually about 6, although 
sometimes slightly more/iumerous, and resembling fine glassy hairs. 
The abactinal surface is covered with soft membrane, which forms an 
investment to the spines. The fascicles are 6 to 8 nmi. long and 
spaced 2 or 3 nun. apart. The form of the plates is variable; some 
are four-lobed, others hourglass shaped. The figures will give a 
better idea of the form. Owing to the softness of the integument and 
the overlying slime I have not been able to discover any papulae on 
the outside, but an examination of the coelomic surface of a portion 
of the dorsal body wall shows single papulae in the interspaces be- 
tween the lobes of the plates. 

Adambulacral armature similar to that of Asthsnactis papyraaeui 
(but lacking, of course, the actinolateral membrane). Each curved 
oblique comb consists of 9 or 10 very delicate spines, webbed to their 
tips and increasing in length from the inner to the outermost, 
the last spine standing on an extension of the next adorally situated 
plate. The innermost spine is one-fourth to one-third the length 
of the outermost, and the latter is joined to the side of the ray 
by a fiange-like extension of the web, about as broad at base as one- 
third the length of outer spine. This flange of tissue narrows rapidly 
in width up to the tip of the spine, and near the outer edge envelops 
a tiny fascicle of 2 or 3 setalike spinelets of a lateral plate. These 
are hidden by the membrane. 

Mouth plates large, with a straight median suture, the form and 
armature being shown by the figure. The marginal spines form 
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an angular series, the first to sixth or seventh being on the ac- 
tinostomial margin, the seventh or eighth on the angle of the plate 
at mouth of ambulacral furrow, and sometimes directed across 
mouth of latter, while the remaining 6 or 6 form a fascicle or 
group on the surface of the plate adjacent to the very short furrow 
margin and to the first adambulacral comb. All the spines are 
joined by membrane, the innermost being nearly as long as median 
suture; the others decrease in length to the spine at the angle of 
plate, which is one-half the length of the median suture, while the 
longest of the remaining 5 or 6 spines is slightly longer, the others 
nearly as long. 

Madreporic body slightly convex, 6 mm. in diameter, and situated 
slightly adcentral to the middle of r. The actinostome is wide 
(38 nim.) and the tube feet large, with large sucking disks. Gonads 
large, in a compact mass at base of ray. Apparently there are 2 
ducts, one opening near ambitus and another about one-third r from 
margin, on the interradial line. The eggs are large, 1 to 2 nun. 
in diameter. A membranous interbrachial septum is present. It 
extends about one-third r from margin toward center of disk, and 
not so far as the inward extension of the gonads. 

Type.— C^t. No. 82660, U.S.N.M. 

Type-looalUy.—StBXxori 5605, Gulf of Tomini, Celebes (lat. 0° 21' 
32" N.; long. 121° 84' 10" E.), 647 fathoms, bottom not recorded. 

Remarks, — ^In the original description, I suggested that this species 
might really belong in Myxaster, if the type of that genus should 
be found to possess the same peculiarity in respect to the disposi- 
tion of the adambulacral spines. On account of the structure of the 
adambulacral plates, I placed medusa in Astheruictia^ in which each 
adambulacral fan is divided between 2 plates, the outer spines of 
each series standing on an oblique aboral extension or apophysis of 
the next adorally situated plate. No mention of this highly char- 
acteristic arrangement of plates and spines was made by Perrier in 
his description of Myxaster sol. In June, 1914, I examined the 
type of this species at the Museum d'Historie Naturelle of Paris. 
Li Myxaster sol the adambulacral plates are constructed essentially 
as in M. medusa^ 3 spines, as a rule standing on the apophysis, while 
5 or 6 continue the series on the body of the next aboral plate. 

It becomes evident, therefore, that the structure of the adambu- 
lacral plates and the peculiar arrangement of spines are the same in 
both Asthenactis and Myxaster^ and that the presence of an actino- 
lateral membrane is the one trenchant character which separates 
Asthenctctis from Myxaster. 

Myxaster medusa differs from M. sol in having a much thicker 
skin, which completely hides the underlying plates; the mouth plates 
are broader, with a broader actinostomial margin and a decided angle 
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to the plate at mouth of ambulacral furrow ; the mouth spines are 
13 or 14 instead of 8, and the outer spines form a fascicle on the sur- 
face of the plate near the margin, instead of a series, without a web, 
on the margin. The apophysis of the adambulacral plate, in medusa^ 
has 1 long spine; in aol^ 3. There seems to be a difference in the 
form of the plates of the abactinal and lateral surfaces of the body, 
but it is not possible to determine how constant this is. 

The family Myxasteridae includes only 3 genera, Myxaater^ Asthe- 
nactis^ and Pythonaater^ 

Family PTERASTERIDAE Pemer. 

Genus PTERASTER Muller and TroscheL 

Pteraster MttLLKB and Tboschel, 1842, p. 128. Type, P. militaris (0. F. 
MttUer). 

PTERASTER CORTNETES Fisher. 

Plate 127, figs. 2, 8 ; plate 128, fig. 1 ; plate 133, figs, 5, 5a. 
Pteraster corynetea Fisheb, 1916&, p. 28. 

Diagnosis. — Abactinal surface resembling superficially that of 
P. pulvillus; probably more nearly related to P. seTmreticuLaim, 
Paxillae with low pedicel surmounted by 7 or 8 longer, radiating, 
peripheral spinelets surrounding a central shorter one; tips of periph- 
eral spinelets united by fibrous tissue; spiracula in lines between 
spinelets; no deposits in supradorsal membrane; furrow fans with 7 
spines (distally, 6) ; actinolateral spines stout, the tips defining am- 
bitus; 5 oral spines, the 10 united by a continuous membrane; suboral 
spine may be entirely lacking ; when present, slender, tapering. Eays 
5; R=24 mm., r=13 nam., R=1.8 r; breadth of ray of base, 14 or 15 
nmi. ; thickness of disk, 9 mm. 

Description. — Abactinal surface resembling somewhat that of P. 
pulvUlus and also that of P. serrdreticulatus. Supradorsal mem- 
brane very thin, so that the 7 or 3 widely radiating peripheral spine- 
lets of each paxilla can be easily seen, a much shorter erect spinelet 
occupying the center of each circle. The paxillae, in consequence, 
have a stellate appearance, and a peripheral fibrous band connects 
the tips of all the spinelets (except the central), marking off the 
abactinal surface into areas, somewhat as in sendreticuZatus^ but 
these bands are not at all conspicuous, except on the sides and outer 
half of ray. Between any 2 radiating spines is a linear series of 4 
to 7 spiracula, usually quite small. Pedicel of paxillae short and 
stout on the rays, being about half the length of the peripheral spine- 
lets, which are also stout, and tapered from the truncate, minutely 
denticulate lip toward the base. They resemble little clubs with 

^VerriU, 1914a^ p. 204, has made a special family of Ppthona^ter, but without diag- 
nosis. I do not know In what particulars, therefore, it diCFers from the Myxasteridae. 



Digitized by LjOOQ IC 



STABFISHES OF THE PHILIPPINE SEAS. 457 

spiny tips, whence " corynetes.^^ On the largest paxillae, at base of 
ray, the peripheral spinelets are a trifle short of 2 mm. long, while 
the central, davate, truncate in form, is about 1.5 mm. long. There 
are no deposits in the supradorsal membrane. Osculum small, closed, 
the special spines forming a low protuberance. 

Adambulacral combs with 7 spines, the inner end of each series, 
comprising the first 3 spines, bent obliquely downward and aborad. 
The inner spinelet is very short, one-half to two-thirds as long as 
the second; the second, two-thirds the length of the third; the next 
4 increasing slightly in length, the outermost being generally the 
longest, although the difference in the length of the outer 3 is not 
great. Membrane between the spines, which are sharp, slightly 
emarginate. Aperture and papilla small, the papilla broad, and 
round-tipped. Distal combs with 6 spines. 

Mouth plates with 5 marginal spines, increasing rapidly in length 
from the outer, which is short, toward the innermost, which is half 
again as long as the median suture. All 10 spines of each mouth pair 
united by a continuous membrane. Three pairs of plates are entirely 
without suboral spines; one pair has a spine on 1 plate, while the 
fifth mouth angle has a suboral spine on each plate. This spine is 
nearly as long as the inner marginal spine, and is slender, tapering, 
with a sharp hyaline tip. 

Actinolateral membrane broad, the margin defining ambitus, but 
not forming a conspicuous fringe. The tips of most of the actino- 
lateral spines can be seen from above. Actinolateral spines stout, the 
tip slightly flaring as a rule and truncate; sixth spine reaching mar- 
gin of membrane. The first 5 spines meet or cross the tips of their 
fellows of adjacent ray along the interradial line. Owing to propor- 
tions of r to R, the actinal interradial areas are not very board, al- 
though the entire actinal floor outside the adambulacral fans is oc- 
cupied by the actinolateral membrane. At the sixth actinolateral 
spine, half the distance from furrow margin to ambitus is occupied 
by the adambulacral fans; at- middle of ray, measured along side, a 
little more than half. 

Type.— Cat. No. 37014, U.S.N.M. 

Type-locality. — Station 5623, Molucca Passage, 7.5 miles northeast 
Makyan Island (lat. 0° 16' 30" N.; long. 127° 80' E.), 272 fathoms, 
fine sand, mud ; 1 specimen. 

Di8tribution.--'^no^n only from the type-locality. 

Remarka.—In my key to the species of Pteraster (1911rf, p. 368) 
Pt. corynetes belongs to the second section, although the rays are 
slightly longer than in the other species. Among those species having 
all the oral spines united by a continuous membrane, only 5 are 
comparable with corynetes^ namely puVoiUua^ temnochiton^ rugaiAiSy 
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semdreticulatua, and ingolfi^ to none of which it is closely related. 
The following ^nopsis will contrast the characters: 
a\ Adaml)ulacral combs with 5 to 7 spines. 
b\ Suboral spine, wlien present, slender; aperture slits small; no deposits 
in supradorsal membrane, 
c^. Pazillae with high pedicel and 5 to 15 spines; B=1.3 r; actinolatenl 
membrane narrow, not defining ambitus; suboral spines always pres- 
ent pulvmm. 

0*. PaxiUae with low pedicel and about 8 spines; R=1.8 r; actinolateral 
membrane defining ambitus ; suboral spines absent from some plates. 

eorynetei, 
b\ Suboral spine with 8 sharp edges ; aperture slits unusually large ; minute 

branched rods in supradorsal membrane - temnochiton, 

a\ Adambulacral combs with 8 to 5 spines. 
h\ Adambulacral spines usually 8, somejlmes 4, short, scarcely projecting 

beyond web; R=1.4+r rugaiw, 

b\ Adambulacral spines 8 to 6, usuaUy 4, projecting far beyond web. 
c \ R'^l.TS T±^ ; dorsal membrane thin, evidently reticulated. 

senUreticulaUu, 
c". R=l,4 THh; dorsal membrane thick, not at all reticulate ingolfi. 

Three species are said to lack the suboral spine entirely: per- 
8onatU8j sardidusj and reducPus. It is not possible to determine 
whether the three suboral spines in the single specimen of carynete$ 
are abnormally present. The species diflFers, however, from peno- 
natua and aordidus in having more numerous adambulacral spines, 
and from reductua in having only five oral, and fewer paxillar spines. 
P. aordidua has a straight series of adambulacral spines, the inner 
4 of the 6 oral spines are webbed independently, and the actino- 
lateral membrane interradially extends beyond the true margm of 
the ray. All three forms are from the east Atlantic. 



PTEBASTEB OBBSUS MTONOTU8 1 

Plate 127, fig. 1 ; plate 128, fig. 8 ; plate 183, fig. 4. 

Pteraster obeaua myonotua Fishes, 1916&, p. 28. 

Diagnoaia. — Closely related to P. oVeaua Clark of Japan and re- 
sembling superficially P. pulvillua Sars. Differing from obesfua in 
being nearly pentagonal in form; in having a fairly tough supra- 
dorsal membrane in which there are well-developed bands of muscle 
forming a reticulum of hexagons and triangles, and in having fewer 
paxillar spines. R=28 mm., r=24 mm., E=1.2 r; height of disk 18 
or 19 mm. 

Deacription, — ^The general form is nearly pentagonal, there being 
only slight interradial indentations, and the disk is thick and cush- 
ionlike. Supradorsal membrane fairly thick and bristling uni- 
formly and thickly with the tips of the paxillar spines which raise 
the membrane or project about 1.6 to 2 mm. above the general level. 
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The apexes of these projections (there being usually three spine-tips 
to each) are connected by strong muscle bands so as to outline more 
or less regular hexagonal spiracular areas, in the center of which a 
single spine (the central one of a paxilla) projects, and this is con- 
nected by radiating muscle bands, somewhat weaker than the others, 
with the 6 peripheral projections outlining the area. Six, more or less 
evident, triangular subareas are thus formed. Each hexagonal area 
contains 50 to 60 small spiracles. The spiracular areas and bristling 
spines extend to and occupy large actinal interradial areas, as the 
actinolateral fringe is narrow. Osculum of conspicuous size sur- 
rounded by a fringe or web forming a truncated cone 3.5 mm. high 
and about 7 in diameter at base; aperture slightly stellate. Pseudo- 
paxillae with tall pedicels (4 mm. on radial areas) and with usually 
7 (sometimes 1 or 2 more) slender, webbed spinelets, subequal to or a 
little shorter than the pedicels, which have 4 short lobes at the base. 
No calcareous bodies in supradorsal membrane. 

Adambulacral spines 5 (6 on first few plates), the innermost very 
short and the succeeding spines increasingly longer, all united by a 
web, which extends to tip of spines but is rather deeply emarginate 
between. Aperture about a third as long as outermost spine. The 
latter is connected by a web to the actinolateral membrane, which is 
narrow as in oieaus and of nearly uniform width except near the 
extremity of ray, its spines being subequal in length and one-third 
to one-half again as long as the outermost adambulacral spine. 
Tube feet in 2 series ; furrow rather narrow, about two-thirds width 
of actinolateral membrane. 

Mouth plates with the innermost of the 7 or 8 free oral spines flat- 
tened and truncate, and one-fourth to one-fifth as broad as long. 
The next is three-fourths as long, much slenderer, slightly tapered, 
and flattened. The next 3 or 4 are about three-fifths as long as the 
second and quite slender. Two similar spinelets are placed above 
the outer 2 marginal s](iinelets, really on the edge of the actinal face 
of the plate, making a group of 4 at the mouth of the furrow. Sub- 
oral spine sharp, much more robust than inner oral spine and 
one-fifth longer. The distal half is hyaline, tapering, three-edged. 

Young. — ^A specimen from station 5483 has been referred, not with- 
out some hesitation, to this species. Its dimensions are: B=13 mm., 
r=9.5 mm. The rays are more apparent than in larger examples, 
and on either side of the tip of each is a conspicuous brown spot. 
The supradorsal membrane is tough and the muscle bands of the 
adult are well developed, though the projections are much more 
irregularly distributed than in the type and the hexagonal areas are 
not apparent. The spiracles are less numerous but are conspicuous, 
the rim of each being brown. The mouth plates have 6 or 7 oral 
^ines, the innermost being relatively a little slenderer than in the 
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adult, but the small outer spinelets are placed on 2 slightly different 
levels as described in the type. Most of the adambulacral plates 
have 5 spines joined by a transparent web. This specimen can be 
readily separated from P. obesvs on the character of the reticulated, 
fairly thick, supradorsal membrane. 

Type^—CdX. No. 37015, U.S.N.M. 

Type-locality. — Station 6518, Mindanao Sea, off Point Tagolo, 200 
fathoms, gray mud, globigerina; bottom temperature 54° F.; 1 
specimen. 

Distribution, — ^Mindanao and Surigao Seas, and vicinity Philip- 
pine Islands, 74 to 279 fathoms, mud. 

Specimens examined. — ^In addition to the type, 7 from the follow- 
ing stations : 

Station 5483, Surigao Strait, east of Leyte, 74 fathoms, sand, 
broken shells ; 1 specimen. 

Station 5523, 6.7 miles northeast Point Tagolo Light, Mindanao 
Sea; 1 specimen. 

Station 5586, between Negros and Siquijor, 279 fathoms, green 
mud, bottom temperature 58.3® F. 

Remarks. — ^I have given this form the status of a subspecies be- 
cause it is obviously very close to ohesus and is separated firom it by 
what may be termed minor characters. In other words it seems to 
be a " small species." Pteraster ohesus is known only from a single 
specimen from Sagami Bay, Japan. In my key to the species of 
Pteraster (Asteroidea of the North Pacific, pt. 1, p. 368) the present 
race would be placed next to ohesus under 6' with the following dif- 
ferential characters: 

/. No supradorsal reticulationfl ; paziUar spines 8 to 10 or more ; R=1.4 r. 

oltesw, 

/'. WeU developed supradorsal reticulations; paxmar spines usually 7 (or leas 

than 10) ; R=luJ r myonotWi, 

The disposition of the outer, small, oral spinelets of myonotus^ 
which appears to be constant, may be a further difference. 

The " key," referred to above, will show by the position assigned 
to mA/onoPuSj the principal characters by which the new form differs 
from others species of Pteraster. 

Genus RET ASTER Perrier. 

RetcLSter Perbueb, Nouv. Archlv., 1878, p. 66. Type, Pteraster capensis Gray. 

BBTABTBB IN8I6NI8 BUdMU 

Ret<uter insiffnis Sladen, 1882, p. 200; 1889, p. 482, pi. 76, figs. 8 and 4; 
pi. 77, figs. 11 and 12. 

In the largest specimen from station 5253 B=74 mm. and r 
about 36 or 37 mm. The specimen agrees fairly well with jSladen's 
description of R. insignis. There are 8 or 4 spinelets to each 



Digitized by LjOOQ IC 



STAKPISHES 07 THE PHILIPPINE 8EAS. 461 

pseudopaxilla, the longest about 3 times the length of the pedicel. 
The long spinelets, which push up the supradorsal membrane and 
fonn protuberances, are in groups of 4 (sometimes 2 or 3, and in a 
few cases, near the osculum, 5). Each spinelet of a group belongs 
to a different pseudopaxilla, so that ordinarily 4 pseudopaxillae con- 
tribute a spine to each protuberance, the center of the rhomboidal 
spiracular areas (marked by the center of the cross mentioned by 
Sladen) being directly above a pedicel. The pedicel which springs 
from a strongly cruciform base is 2 mm. high, and an average spine- 
let 6.5 or 7 mm. long. In the radial region of the disk each of the 4 
triangular areas, into which the rhomboidal spiracular areas are sub- 
divided, contains 18 to 30 pores which in the alcoholic specimen have 
very dark brown rims. The actinolateral spines and their web form 
a vertical palisade about 8 mm. high near the mouth plates. The 
first few adambulacral plates have 6 spines to each comb, the rest 5. 
The mouth plates have 8 or 9 marginal spines, webbed to the tip, 
and the innermost is commonly slightly shorter than the second and 
is usually connected, not with its fellow of the adjacent plate, but 
with the suboral spine of its own plate, the web extending halfway 
to tip of latter. This suboral spine stands back of the 2 inner mar- 
ginal spines and is 7 mm. long. In Sladen's type of R. inaignis the 
suboral spine is not connected with the marginal. The first adambu- 
lacral combs of adjacent rays (conmionly with 7 spines) are webbed 
together over the outer end of the prominent mouth plates. 

I have examined a specimen of R. crihrosvs (M. C. Z. No. 963), 
a species with which insignis has been lately merged. It seems to me 
that the two are perfectly distinct. In true oribrostta the cross men- 
tioned by Sladen as characterizing the spiracular areas is absent and 
the much fewer pores (about 35) are pretty evenly distributed — ^not 
segregated into triangular subareas. At the nodal points of the 
meshes of the supradorsal membrane 2 spines project, sometimes 1 
or 3. There are only 3 furrow spines; 1 (not 3) stands on the furrow 
margin, while the other 2 form a transverse series with the actino- 
lateral spine. 

Type. — ^In British Museum. 

Type-locality. — ^Arafura Sea, 26 fathoms. 

Distribution. — Philippine Islands; Amboina; Banda Sea; Arafura 
Sea; Torres Straits; Thursday Island; Port Jackson and Port Molle, 
Australia; Samoa. 

Specimens examined. — ^Four, from the following stations : 

Station 6144, vicinity of Jolo, 19 fathoms, coral sand; 1 specimen. 

Station 5262, Gulf of Davao, Mindanao, 1.6 miles southwest Linao 
Point, 28 fathoms, coral ; 1 specimen. 

Station 8263, same locality, depth, and bottom ; 1 specimen. 

Station 6356, North Balabac Strait, Palawan, 68 fathoms, sand, 
sheUs; 1 specimen. 
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Genus DIPLOPTERASTER VenilL 

Diplopteraater Yebbill, Amer. Journ. Sd., vol. 20, 1880, p. 400. — ^Fibhki, 
1911, p. 870. Type, Pteraster multiped Sars. 

DIPLOPTERASTER MULTIPBS PATAGUTUS Ftehar. 

Plate 180, fig. 2. 
Diplopteraster tMUtipea pat€tffiatu$ Fisher, 19166, p. 28. 

Dioffnosis. — Closely resembling D. multipeSj but differing in hav- 
ing narrower paxillar areas (exclusive of actinolateral membrane) 
and in having the same number of spines in both sorts of furrow 
combs (or if an unequal number, then one more in the nonprominent 
combs instead of one less, as in multipea) ; adambulacral spines 
longer. B=95 mm.; r=60 mm. (measured to edge of actinolateral 
membrane) ; B=1.S r; r=SO mm., measured to edge of paxillar area; 
breadth of paxillar area at interradius, 50 to 57 mm. In patagiatui 
breadth of paxillar area at interradius=60 per cent or less of B; in 
multipes it equals 80 per cent, or more, of B. 

Description, — ^The dorsal surface closely resembles that of rnid- 
Hpes. The pseudopaxillae have pedicels slightly longer than the 
2 central spines and decidedly longer than the 7 to 9 peripheral 
spines. There are usually about 7 spiracular areas radiating from 
the prominent central spines of a paxilla, with 6 to 9 spiracles to 
each (thus fewer than in similar large examples of multipes; see 
Fisher 1911^, p. 371). The actinolateral membrane forms a fleshy 
border to the entire ray, projecting beyond the paxillar area, so 
that in life the contour of the specimen was probably nearly pen- 
tagonal. Paxillar areas, broadly petaloid, convex, sharply differ- 
entiated from the patagial membrane. 

Adambulacral spines slightly longer than in TwaUipes. This is 
very apparent upon comparison of specimens but is a little difficult 
to describe. In multipes the longest spine of a comb equals the 
length of 4 adambulacral plates, measured along the edge of fur- 
row ; in patagiatus the longest spine equals 5 to 6.76 plates, in each 
case starting with the adoral margin of the plate upon which the 
spine has been measured, and omitting the fleshy flap of tissue at the 
tip of spine. The number of spines along the ray, beginning with 
the first plate, runs as follows, a star marking nonprominent plates: 
6, 6*, 6, 6*, 6, 6*, 6, 5*, 6, 6*, 6, 6*, 5, 6*, 6, 5*, etc In the nonprominent 
combs the first or inner 2 spines are ordinarily short, the innermost 
the shortest, while the next 4 are abruptly longer and subequal or 
increasing slightly in length toward the outermost, which equals as 
stated above, 5 to 5.75 adambulacral plates measured along edge of 
furrow (rarely 6). When there are 6 spines to a prominent plate 



Digitized by LjOOQ IC 



STAKPISHES OF THS PHILIFFINB SEAS. 463 

the innermost is usually abruptly much shorter than the other 6, 
which are subequal or increase slightly in length toward the outer- 
most The spines of both kinds of combs are normally webbed be- 
yond their tips, each spine being prolonged by a fleshy sacculus; but 
in most cases this is destroyed. 

Mouth plates with 6 or 5 oral spines, united by a web to the tips, 
and the 2 series united by membrane. Inner oral spine 10 mm. long, 
while the length of the straight suture between the mouth plates, 
to outer beaklike projection is 7.5 nmi. Suboral spine slenderer 
than inner oral spine and 8 mm. long. 

Madreporic body large, convex, 10 mm. in diameter by 7 mm. high. 
There is a stout pedicel arising from the outer side near the edge, 
while in m/ultipes the pedicel is at the edge. In some species of 
Retaster and Pteraster this paxilla arises from the summit (see 
Fisher, Vdlld, p. 370, footnote). 

Type.— C^t. No. 37016, U.S.N.M. 

Type-locality,— ^t^tion 5656, Gulf of Boni, Celebes (lat. 3*^ 17' 
40" S.; long. 120° 36' 45'' E.), 484 fathoms, gray mud, bottom tem- 
perature 41.2° F. 

Distribution. — ^Known only from type-locality. 

Remarks. — D, verrucosus (Sladen) differs in having 15 paxillar 
spines and short adambulacral spines — ^much shorter than in nml' 
Hpes^ while in D. peregrinator (Sladen) the central paxillar spines 
do not protrude beyond the rest, and the supradorsal membrane is 
not conspicuously spiny. The former species was dredged from the 
Atlantic entrance to the Strait of Magellan, while the latter was 
taken off Cumberland Bay, Kerguelen Island. 

This race or small species is a long way geographically from its 
nearest known relative. D. uvultipes^ differing in some particulars 
from typical Atlantic specimens, has been taken in Suruga Gulf, 
Japan, 475 fathoms, bottom temperature 39.1^ F. (see Fisher, 1911{2, 
p. 372). 

Genus HYMENASTER Wyville-Thonison. 

Hymenaster Wtvoxs-Thoicson, Depths of the Sea, 1878, p. 120. Type, 
. H, pellucidiM Thomson. 

HTMBNASTER RHODOPEPLUS FblMr. 

Plate 129; plate 180, fig. 1; plate 138, fig. 6. 
I Hymenaster rJvodopeplus Fishes, 1016Z), p. 29. 

I Diagnosis. — Closely resembling H. nobUis Sladen but differing in 
ihaving 7 instead of 6 rows of paxillae to each ray, in having a stouter 
land longer adambulacral spine (much longer than aperture papilla), 
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and in having 2 acicular suboral spines to each plate (instead of 1 
resembling an aperture papilla). Marginal contour pentagonal; 
E=82 mm., r=55 mm.; breadth of paxillar area at base, 35 mm.; 
distance from center of disk to margin of paxillar area on interradial 
line, 30 to 32 mm. 

Description, — General appearance of abactmal surface very similar 
to that of H, nobUisj the paxillar areas being raised above the leyel 
of the very fleshy lateral membrane, and paxillae usually with 3 
spines oriented as in nobilis. But there are 7 series of paxillae^ 
instead of 6, to each ray, and in proportion to the 2 lateral, or outer, 
series of each side, the radial and either adradial are smaller than in 
nobUis. In rhodopeplus the paxillae of the 3 median series are 
abruptly smaller than the marginal paxillae, while in nobUis the 
paxillae are nearly uniform in size so far as outward appearance is 
concerned; at least there is no sharp break. Pedicel of superomar- 
ginal paxillae near base of ray 3 mm. long, spines 7 mm.; pedicel 
of radial paxiUa, 1.75 mm., longest spine 6 mm., shortest 3.5 mm. 
The 3 spines are usually unequal on the radial and adradial paxillae, 
sometimes but much less often also on the marginal. Supradorsal 
membrane rather thin, but thicker between the spines of a paxilla 
than between the paxillae. Spiracula in lines around the paxillae 
but never among the spines of a paxilla, these lines meandering and 
joining to form an irregular meshwork. Extending laterally upon 
the interradial membrane from margin of paxillar area are about 
15 to 20 linear spiracular tracts, such as occur in nobUis, the longest, 
the fifth or sixth, at about the middle of R, being one-half or two- 
thirds the width of the paxillar area. Some of these linear areas are 
branched once. Oscular orifice large, the bases of the oscular valves 
being raised above the general level of the paxillar area. The spines 
of the valves are about 1.5 times the length of the outer spines of the 
same paxilla; the membrane between the 2 sets of spines with a 
moderate number of paxillae. 

Adambulacral armature consisting of a single (but on first plate, 2) 
slender tapering sharp spine (the point of which is frequently 
broken), normally much longer than the calcareous portion of the 
aperture papilla, and sometimes exceeding twice its length. A sac- 
culus is present, but mutilated, owing to injury of the specimens in 
the net. The aperture papilla is broadly ovate to obovate, usually 
asymmetrical, and relatively large. Tube feet large, in 2 rows; pur- 
ple, with a small light-brown sucking disk. 

Armature of mouth plates consisting of 3 or 4 slender, tapering, 
sharp marginal spines, the series directed across mouth of furrow 
and spaced from the inner end of plate. These spines are very 
similar to the adambulacral spines and are either subequal or the 
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spines at either end of the series are the longest. Two stout, tapering, 
sharp, suboral spines, much longer and stouter than the marginal, 
stand close to the median suture, the inner fairly on the actinostomial 
margin; the outer is slightly the longer and about as long as the 
straight median suture of the mouth plates, or sometimes only three- 
fourths as long. 

Actinolateral membrane fleshy, thick, obscuring the very delicate 
actinolateral spines, which increase in length and nearly meet in the 
interradial line, up to the eleventh or twelfth spines, which are the 
longest. From here on the tips of the spines of adjacent rays become 
more and more separated, although the next 10 are nearly subequal in 
length. Near the end of the ray the spines project slightly at the 
edge of the actinolateral membrane. 

Color in alcohol, bright pink, lighter on paxillar areas. 

Type.— Cat. No. 37017, U.S.N.M. 

Type-locality.— St^XAon 5606, Gulf of Tomini, Celebes (lat. 0° 16' 
28" N.; long. 121° 33' 30" E.), 834 fathoms, green mud; 2 specimens. 

Distribution. — ^Klnown only from the type-locality. 

Remarks. — The principal characters upon which this species is 
founded have been indicated in the diagnosis. Although rJiodopeplus 
bears a very striking resemblance to nohilis^ the differences are very 
important, especially in the number of rows of paxillae. H. koehlerij 
from Bering Sea, is a close relative of nobilis^ but, like the latter, 
differs from rhodopeplus in having only 6 series of paxillae, which 
are nearer equal in size than in rhodopeplus. 

This species has a thick, fleshy, actinolateral membrane and very 
weak spines, while in H. hartschi the membrane is relatively thin 
and the spines much stouter. 

HYMENASTER BARTSCHI Fisher. 

Plate 124, fig. 2 ; plate 133, fig. 7. 
Hymenaster hartschi Fisheb, 1916&, p. 29. 

Diagnosis. — ^Very similar to H. pvUatus^ but differing in having 
the paxillar areas of the 5 rays separated interradially nearly to the 
oscular valves and in having numerous spiracula in the supradorsal 
membrane, there being a series of bandlike spiracular areas along 
either side of the paxillar areas extending toward the interradial 
line. General contour originally probably nearly pentagonal, pro- 
duced at the corners into attenuate tips. R=about 70 mm. It 
is not possible to measure r accurately, as the lateral membrane is 
distorted and in some cases torn. Breadth of paxillar area, 22 to 
26 mm. 

Description. — ^The five paxillar areas petaloid, broadly lanceolate, 
distinct, separated one from another to within a short distance of 
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the oscular valves; interradial spaces broad near margin, narrowing 
at the middle of r to about 3 to 5 mm., this narrow area separating 
the prominent paxillar spines of adjacent areas to within 5 mm. of 
the oscular valves. This narrow area is abundantly supplied with 
small spiracles to a point a little short of the middle of B, where 
begin a series of irregular, bandlike, dark-brown spiracular areas 
extending upon the grayish lateral membrane from the margin of 
the paxillar area, these forming a series, of which the fourth, fifth, 
and sixth from the inner end are the longest and extend nearly or 
quite to the interradial line. They are 12 to 15 mm. long, accord- 
ing to tension of actinolateral membrane. The lateral membrane 
adjacent to the paxillar area is colored brown. Supradorsal mem- 
brane very thin and transparent between the numerous conspicuous 
criss-crossing muscle bands, the interspaces provided with from 1 to 6 
conspicuous spiracula. Pseudopaxillae in 7 rows along each ray. 
The outermost row consists of paxiUae of conspicuous size, widi 
pedicel 8 nun. long and 4 (sometimes 3) slender unequal spinelet^. 
the longest 8 mm., the shortest 3 nmi. The next row (toward the 
median line) consists of very much smaller paxillae, with pedicel 
about 0.5 mm. high, or less, and about 3 spinelets (or less) 2.5 nmu 
high. These paxillae are in a transverse line with the outermost 
The paxillae of the next row alternate with these and with the 
median radial. Both the median and adradial are rudimentary, 
with 1 to 3 sessile spinelets from 0.5 to 1.5 mm. long, so that the 
supradorsal membrane rests upon the ambulacral ridge. The paxil- 
lae have 4 long, slender lobes, forming in the delicate dorsal integu- 
ment a calcareous network with irregular meshes along the lateral 
regions and irregular rhomboidal meshes along the median area. 
The supradorsal membrane is raised at numerous points by the 
. paxillar spinelets, from which the very definite branching muscle- 
bands radiate. Osculum prominent, the valves with 8 or 10 spines; 
about 4 spines belonging to the same paxilla radiate toward thf 
end of the ray, the membrane between their tips and the base of the 
valves having numerous spiracula. The width of the real ray, 
omitting the supradorsal membrane, is only about 10 mm. at the 
base. 

Ambulacral furrows narrow; tube feet large in 2 series. Fur- 
row spinelets 3, flattened at the base and tapering to a point, the 
adoral slightly the longest (1.5 to 1.75 mm.). Each spinelet is 
capped by a narrow sacculus of variable length, but usually short 
Aperture papilla very broadly obovate, about as long as the longest 
furrow spinelet. The calcareous part is slightly shorter than the 
longest spinelet as the papilla is bordered by a flange of tissue. 

Armature of mouth plates very similar to that of puMatw; 4 mar- 
ginal spines (the innermost not always spaced from the other 3) and 
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2 suboral in a series parallel to median suture. The inner suboral 
stands on the margin of plate close to the inner marginal spine, but 
is much thicker than the latter, and in turn is a little less robust, 
though longer, than the outer suboral. The mouth plates have all 
been more or less rubbed and injured. 

Actinolateral membrane broad, rather thin, deep brown in color. 
Where this colored layer has been rubbed off a gray, finely fibrous 
layer is revealed. The longest actinolateral spines are the twelfth 
to seventeenth or eighteenth, which are about subequal and 13 or 
14 nun. long. 

Type.—CKi. No. 37018, U.S.N.M. 

Type-locality, — Station 5428, Sulu Sea, off eastern Palawan (lat 9® 
13' N. ; long. 118° 51' 15" E.), 1,105 fathoms, green mud, bottom tem- 
perature 49.7*^ F. ; 1 specimen. 

Distribution. — Known only from the type-locality. 

Remarks. — ^The description of H. pvllatus ^ does not state the num- 
ber of series of pseudopaxillae to each ray, nor whether those of the 
radial regions are so reduced in size as to be considered rudimentary. 
Neither the figures nor description indicate the presence of spiracula 
which are so plentiful in hartscJu. The lateral areas of small spi- 
racula, marked by a brown pigment against a grayish ground, are 
very conspicuous in the Philippine form, and probably not present 
in puUatus. In hartscM the adambulacral spines are more attenuate 
at the tips than in jmUatus^ while, the aperture papilla is slightly 
broader. In proportion to the size of the aperture papilla and the 
base lines of the furrow comb, the actinolateral spines of hartschi are 
decidedly smaller at the base than are those of pvllatus. 

Eymenaster hartschi seems to be a representative species occupy- 
ing the deep basin of the Sulu Sea. Whether it is to be regarded as 
a distinct species or only as a geographic race of H. pullMus will 
depend upon the value assigned to the absence of spiracula in put- 
lotus. The characters of the paxillae are very positive in hartschi^ 
and upon certain important points information in regard to puUatus 
is lacking. H. ptiilattis was dredged by the Challenger at station 
218 off the north coast of New Guinea, southwest of the Admiralty 
Islands, in 1,070 fathoms, blue mud. 

This species is named for Dr. Paul Bartsch, of the United States 
National Museum, who was naturalist during the Philippine cruise 
of the Albatross. 

Genus HYMENASTERIDES Fisher. 

Sumenasterides Fisheb, 1911a, p. 425. 

Diagnosis, — ^In general structure similar to Eymenaster but with 
two kinds of adambulacral plates alternating; (1) prominent plates 

iSladen.l880,p.519. 
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bearing a transverse series of 3 rather long, slender spines, and (2) 
nonprominent plates with only 1 spine. Tube feet in 4 series, the 
feet of the outermost series corresponding to the nonprominent plates. 
Combined mouth plates produced actinally into a cone, the apex of 
which is about the middle of median suture. Two suboral spines. 

HTMENASTESIDBS ZENOGNATHUS FWier. 

Plate 127, figs. 4, 6; plate 128, fig. 2; plate 184, fig. 1. 
Eymenasterides zenognathus Fisheb, 1911a, p. 425. 

Diagnosis. — Paxillar area raised above the actinolateral membrane 
which forms an even narrow border; paxillae in 9 longitudinal series, 
6, or laterally, as many as 7 spines to a paxilla, one being longer than 
the rest; no visible muscle-fibers; scattered spiracula. Prominent 
adambulacrals with 3 slender membrane invested sacculate spines: 
nonprominent with one, each of which is opposite a tube foot of outer 
series. Mouth plates conical actinally with 2 suborals, and 3 or 4 
marginals. Fourteenth actinolateral spine the longest. R=:36 mm.^ 
r=22 mm., R=1.64 r. Breadth of ray, over all, 21 to 25 mm.; of 
paxillar area alone, 17 to 21 mm. 

Description. — ^The paxillar area is sharply defined from the lateral 
fringe, or actinolateral membrane, which is interradially deeply in- 
dented and follows the contour of the raised supradorsal membrane. 
Thus the actinolateral membrane forms a narrow border of nearly 
uniform width, and the spines do not project beyond the edge. They 
are clearly visible, as the membrane is translucent. The supradorsal 
membrane is thin and translucent, without visible muscle-fibers, and 
with small, rather widely spaced, inconspicuous spiracula, which are 
not in definite areas but sometimes form irregular lines. With the 
exception of an interradial area they are pretty uniformly distributed 
all over the membrane. Membrane everywhere rough with the points 
of the paxillar spinelets, of which there are usually 5 (laterally some- 
times 7) to a paxilla. The latter are in 9 quincuncial longitudinal 
series. Each paxilla springs from a cruciform or f our-lobed base, the 
lobes overlapping those of 4 other plates leaving quadrate or lozenge- 
shaped papular areas. The pedicels are longest on the lateral paxillae; 
those of midradial series about half as long as the laterals,, and the 
spines, which are webbed, are in all cases longer than the pedicels. 
One spine is usually longer and stouter than the others. The spines 
are three-edged or triradiate in cross section. The papulae (1 to an 
area) are attached to the pedicels. The valves guarding the osculum 
have a truncate summit and are strengthened by about 12 spines, of 
which the 5 or 6 median are longest. About 8 other spines, much 
shorter, form a comb just back of the valves, and are attached to the 
same pedicel. The membrane at the base of the fans is pierced by 
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scattered spiracula, and that between the fans has numerous spiracula 
in short irregular lines. The supradorsal membrane is dotted with 
numerous very small whitish spots of unequal size, due probably to 
groups of gland cells. There are rather large, well-spaced, brownish 
rings or spots on the outer half of B. 

Ambulacral furrow wide; tube feet, with small disks, in 4 longi- 
tudinal series. Adambulacral plates of two sorts, prominent and non- 
prominent. The former project farther into furrow and bear an 
oblique transverse series of 3 or 4 slender spines invested in mem- 
brane which forms a small sacculus at tip. The outer spine is the 
longest (equals the length of 5 plates at base of furrow), the other 
two decreasing slightly in length. The innermost often projects be- 
tween 2 feet of the outermost series and is deeper in the furrow than 
the outer. The nonprominent plate corresponds to a tube foot of the 
outermost series, is set back slightly, and bears only 1 spine, which 
stands in the same longitudinal series (with reference to long axis of 
ray) with the outermost spine of the prominent plates, and is of 
about the same length as this spine. Aperture papillae short, broadly 
ovate, with a membranous envelope produced into a short, blunt sac- 
culua The calcareous part is only about one-fourth the length of the 
adjacent subambulacral spine, and there is no difference between the 
papillae of the two sorts of plates. The apertures are narrow and not 
completely covered by the papillae. The first adambulacral plate, 
sometimes prominent, sometimes nonprominent, has 2 equal or 
unequal spines and a large aperture papilla immersed in the actino- 
lateral membrane. 

Mouth plates small and very high, the combined pair produced 
actinally into a conical eminence, the apex of which is situated at 
the middle of the median suture. The height of this extraordinary 
beak or cone equals the interradial diameter of the pair of plates. 
From the blunt point at the top the plates slope straight and steeply 
to the actinostomial margin, which is produced into a slight beak, 
but in the opposite direction the plates diverge, leaving an open 
suture, and the margin of the plates is arcuate and nearly perpen- 
dicular. Marginal spines 3 or 4 (sometimes only 2), the lateral-most 
usually the strongest and longest, situated on a slight angle of the 
margin and directed across mouth of furrow. The innermost spine 
which is well spaced from the median beak of actinostomial margin is * 
nearly as long as the lateral-most and the 1 or 2 intermediate spines 
are somewhat shorter. Suborals 2, nearly like the subambulacrals 
and situated in a line parallel to and near median suture, on the 
actinostomial face of the cone. 

Actinolateral membrane translucent forming a broad margin which 
decreases in width evenly from interradial angle. The fourteenth 
spine i^ the longest, and is the first to meet the free edge of mem- 
13434r-Bull. 100—19 81 
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brane. The first is articulated to the second adambulacral. The 
spines do not meet interradially their fellows of adjacent ray, but 
leave a narrow wedge-shaped area. The length of this wedge (the 
apex touching mouth plates) is about half the extent of the free 
edge of one ray measured along edge of actinolateral membrane. 
This actinolateral membrance is nearly flat 

Madreporic body globular, and without a paxilla on its surface. 

ryp«.— Cat No. 28660, U.S.N31. 

Type-locaUty. — Station 6623, Molucca Passage between Gillolo and 
Makyan Islands (lat 0*^ 16' 30" N.; long. 127^ 30' E.), 272 fathoms, 
fine sand, mud; 26 specimens. 

Distribution. — Sulu Archipelago, and Molucca Passage, 268 to 272 
fathoms, mud and fine sand. 

Specimens examined. — Eight, 4 from type-locality and 4 from the 
following stations : 

Statioh 6549, vicinity of Jolo Island. Sulu Archipelago, 268 
fathoms, sand, globigerina, foraminifera, bottom temperature, 52.8^ 
F.; 1 specimen. 

Station 6660, same locality, 268 fathoms, fine sand, shells, 62.8^ F.; 
2 specimens. 

Station 6622, Molucca Passage, near Makyan Island (lat 0"" 19' 
20" N.; long. 127^ 28' 30" E.), 276 fathoms, gray mud; 1 specimen. 

RemarJca. — ^This genus constitutes a very distinct, new type, which 
differs from Hymenaster in much the same way that Diplopteraster 
differs from Pteraater. The most easily recognized characters of 
Hymenasterides are the alternating prominent and nonprominent 
adambulacral plates, correlated with the quadriserial arrangement 
of the tube feet. 

Family ZOROASTERIDAE Sladen, 1889. 

KIT TO VHX KNOWN OINBIA OF tOBOABTIRXDAB. 

o^ Dorsal surface not devoid of spines and not covered with a smooth tonsli 
membrane in sharp contrast to the spiniferons or squamlferoos actino- 
lateral regiona 
h^ Superambnlacral plates absent; no conspicuous buttress connecting upper 
enlarged end of first 2 pairs of ambulacral plates with the body wall 
at interradial angle. 
0^ All the adambulacral plates carinate on the furrow fbce. Proffnoiter* 

Perrier. 
if Adambulacral plates alternately carinate and noncarinate on the furrow 
face. 

^Prognoiter Perrier* Comptee rendns, voL 112, May 6, 1891, p. 1220. l^pe, P. pK* 
maldU, monotypic. Also 1894, p. 120, where it is stated that the genus Is new and where 
only one species, P. longiewtda, is mentioned. In 1896 in Btenltati des campagnes scien- 
tiflQues dn Prince de Monaco, fosc 11, p. 22, Prognatter is redescrtbed, with P. sfrim^UU. 
P. lanffioaHdu9 is probably not congeneric with ffHmaidU. The Internal stractvre of both 
is unknown. 
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<f Rays long, slender, disk small; abactinal, marginal, and actlnolateral 
plates arranged in regular longitudinal lines along ray, a series of 
adradial plates being always present ; all but the median radial, or 
carina], which are longer than the rest, form also transverse series 
with one another; plates covered with small papilliform skin- 
covered spinelets, and most of them bear an enlarged spine ; papular 
areas small; forfidform pedicellariae present; actlnolateral plates 
in 8 to 5 series, the upper subequal to the inferomarginal plates; 
superomarginal plates not conspicuously larger than inferomarginal 

plates Zoroaster Thomson. 

<r Abactinal plates arranged in regular longitudinal series (the carinal 

plates the largest), bearing large skin-covered scales, which mask 

all plates except some of the primary apical plates of disk, and 

the carinal series of ray ; no pedicellariae ; actlnolateral plates in 2 

or 3 series, much smaller than the inf eromarginals ; superomarginal 

plates much larger than inferomarginal plates. Pholidaster Sladen. 

ft" Superambulacral plates present; a conspicuous buttress, the specialized 

first superambulacral plate connects the upper end of the first 2 ambula- 

cral plates with body wall at interradius. 

c* Well developed adradial plates ; with 2 series of well developed papular 

areas between the carinal and superomarginal plates, the latter not 

conspicuously enlarged nor overlapping the carinals. Myxoderma 

Fisher. 

c^ No adradial plates; 1 series of very small adradial papular pores; 

superomarginals alternating larger and smaller, overlapping strongly 

and dominating the carinals which are sunken below the level of the 

superomarginals Bythiolophus, Fisher. 

•* Abactinal plates of disk, the carinals, adradials (when present), marginals, 
and sometimes one series of actlnolateral plates devoid of spines or any 
ccmspicoous armature but mostly smooth and covered with a tough mem- 
brane of variable thickness, often partly obscuring the plates; 2 to 4 
lower series of actlnolateral plates covered with squamiform fleshy spine- 
lets and with sometimes a conspicuous appressed spine; superambulacral 
plates present, the first conspicuously enlarged into a buttress connecting 
upper end of first 2 ambulacral ossicles with the body wall. 
Ij^ With a series of adradial plates more or less well developed ; 4 or 5 series 

of actlnolateral plates Cnemidaster Sladen. 

ft* Adradial plates absent, the inner lobe of the superomarginal plates over- 
lapping the carinal plates; 3 series of actlnolateral plates with the 
beginning of a fourth in large examples Mammaster, Perrier. 

Genus ZOROASTER Wyville-Thomson. 

Zoroaster WivitUB Thomson, Depths of the Sea, 1873, p. 154. Type, 
Z. fulgens Thomson. 

KEY TO SPECICS HEREIN DESCRIBED. 

•*. Carinal, marginal, and lateral plates all with central spine; carinal spine, 
stout and conical ; marginal and lateral spines acicular, prominent ; pedi- 
cellariae long and slender, usually 4 times as long as width at base; 
miliary spinelets long, very slender, spaced ophiactis, p. 478. 
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a*. Superomarglnal and proximal Inferomarginala without central spine ; lateral 
plates with prominent spines; carinals with Inconsplcnous central spine 
and several enlarged spinelets, or enlarged spinelets only; pedicellariae 
small, only slightly longer than width of base; miliary q;»lnelets papilli- 
form, dose-set phiUpt^inenaia, p. 477. 

a\ Oarinal and all but distal superomarglnal plates without central spine or 
enlarged spinules; Inferomarginal and lateral plates with central spioB; 
carinal plates very prominent, subquadrate, arched; adradial plates in- 
conspicuous, nearly entirely covered by carinals and superomarginals; 
rays very long and slender (R^IT r) ; adambulacral plates with 2 trans- 
verse series of spines on actlnal surface and 1 on the furrow ked of 
alternate plates ; papular pores very small microporM, p. 475. 

KIT TO THB INDO'-PACIFIC 8PBCIB8 OF Z0B0A8TKB.* 

tt\ Carinal, marginal, and lateral plates all with central spine. 
b\ Carinal plates not unusually large ; pedicellariae conspicuous. 
0^. R=9 r. Spinelets grooved ; central spine of abactlnal plates often ob- 
solescent; pedicellariae more conspicuous than spines, except those of 
the 2 lowermost rows; prominent adambulacral plates with 2 large 
bunches of pedicellariae (12 to 20 to a bunch) deep in furrow. 

alfredi Alcodc 

c*. R=18 r. Spinelets not grooved; central spine of abactlnal plates well 

developed; papular pedicellariae very slender, less conspicuous than 

spines, and less numerous than in alfredi; prominent adambulacral 

with a small group of pedicellariae on lowest furrow spine, not 2 

large bunches ophiaotU Fisher. 

b\ Carinal plates not unusually large; pedicellariae not conspicuous; sub- 
ambulacral spinelets not in 2 definite transverse series, 
c*. 11=16 r ; rays hemicyllndrlcal, depressed ; raadreporlc body large, tumid, 

conspicuous; carinal spines conical, stout, fluted planus Alcock. 

<^, R=10 to 11 r; rays strongly carinated; madreporic body Innall, incon- 
spicuous; oarinal spines small, not fluted spinulosua Fisher. 

l>\ Carkial plates very large, tumid, vertebra-shaped, eadii with a globular 
or squatly conical spine; papular pores very small; adambulacral 
plates with 3 or 4 actlnal spines in 2 transverse series, and promi- 
nent plates with 2 or 3 additional spines in the furrow, the outer with 
1 large pedlcellaria, the Inner with 6 to 10 small ones- .angulatus Alcock. 
a\ Superomarglnal plates without central spine; carinal plates with small 
central spine and several enlarged spinelets, or with tuft of enlarged 
spinelets only. 
b\ Prominent adambulacral plates with 4 or 5 spines, 1 within furrow with 
1 or 2 pedicellariae; pedicellariae fewer, small; inferomarginal plates 

with central spine carinatus Alcock. 

b*. Prominent adambulacral plates with 6 or 7 spines; at least 2 furrow 
spines with pedicellariae, the upper with a pedlcellaria as long as spine; 
proximal inferomarginal plates without central spine; pedicellariae 

numerous, small philippinensis Fisher. 

a*. Carinal plates without trace of enlarged central spine. 
b\ Adradial plates conspicuous ; carinal plates medium-sized, oval or rounded, 
granular ; no superomarglnal spines ; R=12 r ; papular pores medium- 
sized adanU Koehler. 

> Z. tenui$ Bladen, from off the north coast of New Guinea, 1,070 fathoms, is too jroang 
to compare with these species. It belongs in section o^. 
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&*. Adradial plates inconspicuoos, largely obscured by the large carinals; 
R=16 to 17 r ; papular pores very small. 
&, Carinals hexagonal; 2 or 3 lateral rows of spines; 1 transverse series 
of subambulacral spines on both kinds of plates ; rays hemlcylindrl- 

cal ; tube feet quadriserial harathri Alcock. 

c*. Carinals squarish; 5 lateral rows of plates with central spines; 2 
transverse series of subambulacral spines on both sorts of plates; 
rays strongly carinated ; tube feet biserial microporuB Fisher. 

ZOROASTER 0PHIACTI8 FidMr. 

Plate 135, figs. 2, 2a-& ; plate 136, fig. 1 ; plate 139, fig. 3. 
Zoroaster ophiactia Fisheb, 1916&, p. 29. 

Diagnosis. — Closely related to Zoroaster aHfredi Alcoclc, from 
which it differs in having longer rays, stouter, conical, carinal spines, 
relatively smaller papular pediceUariae, ungrooved spinelets, less 
numerous adambulacral pedicellariae, and in lacking, deep in the 
furrow, the 2 large bunches of pedicellariae characteristic of olfredL 
R=z282 mm., r=15.5 mm-, B=18 r. Breadth of ray at base, 17 mm. 
Disk very small, fairly level on top in large specimens, tumid in 
small; rays slender and strongly carinate, the carinal plates forming 
a definite spiniferous ridge; median tube-feet smaller and more 
crowded than the lateral. 

Description. — ^Primary plates of disk fairly conspicuous, but, like 
the others, covered with slender, rather long hirsute spinelets, inter- 
spersed among which, on the papular areas, are several large 2- jawed 
pedicellariae. The primary plates bear a central robust spine, much 
stouter and a trifle larger than the spinelets. Carinal plates form- 
ing a conspicuous ridge, each with 2 lobes on either side which 
overlie and partly cover the small adradial plates. Between the 
adradial plates and adambulacrals, at base of ray, 7 series of 
plates, which are tumid and have 4 obtuse lobes by which they 
imbricate. The plates increase in tumidity toward the furrow. 
Plates covered with slender, relatively long, slightly spaced unequal 
spinelets, which, however, vary in length on different specimens, 
but are much longer and more hirsute than in the carinatus group. 
These spinelets increase slightly in length toward the furrow. Each 
ca,rinal plate has a central robust conical spine or sharp, deciduous 
tubercle of variable length but very much thicker and usually de- 
cidedly longer than the spinelets. The other plates (except the 
small adradials) bear a central, conspicuous, slender, tapering, sharp 
spine, that of the superomarginal about 1 to 1.5 plates in length 
while those adjacent to the adambulacrals are 2.5 plates in length. 
The spines of the lower 8 longitudinal rows are flattened, appressed, 
and have lengthwise shallow grooves. The papular areas are fairly i 
large in big specimens, with 1 or 2 papulae. Each area is guarded by 
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1 long, slender, pedicellaria, and sometimes by 1 or 2 additional 
small ones. The pedicellariae are frequently as long as the longest 
spinelets and the slender tips are often slightly curved. They 
usually stand on the lower, transverse lobe of a plate. 

Prominent adambulacral plates with 1 spine deep in furrow armed 
with 1 to several pedicellariae at its base (not always present) and 
a terminal three-cornered sacculus covered with upward of 10 un- 
equal, medium-sized, and small pedicellariae. This spine is usually 
bent toward the nerve cord. Above this a row of 4 or 8 spines is 
directed upward, the third usually the longest. The first, that above 
the true furrow spine, has a large pedicellaria, shaped like a minia- 
ture ibis beak, attached to its middle or its base. The second spine 
sometimes has a similar pedicellaria. The outer end of the plate has 
1 or 2 spinelets and 1 or 2 small pedicellariae. The nonprominent 
plates have a small spine on the adoral furrow corner and on the 
surface of the plate a group of 4 or 5 spines and spinelets, 1 to 8 
near the aboral marginal being of conspicuous size and sometimes 
forming an oblique series toward the outer adoral corner. Two or 
8 small, slender pedicellariae stand on the outer margin of plate. 
The figures will best show the disposition of the adambulacral spines. 
See also the figures of a half-grown specimen with R, 116 mm. 

Madreporic body, medium sized, convex about half the diameter 
of the adjacent basal plate. 

Young. — ^A specimen from station 5299 has R=68 mm., r=5.5 mm., 
E=9.6 r. The carinal plates have a stout conical upright spine or 
tubercle, but the other central spines are very slender, that of the 
superomarginal scarcely longer than other spinelets on some plates. 
Five series of lateral plates, including superomarginals. Prominent 
adambulacral plates with transverse series of 3 or 4 spines, the 
innermost with 1 large pedicellaria. The large pedicellariae guard- 
ing the papulae are present only at the base of ray and on disk. 
Tube feet in 2 series. 

ryp<5.— Cat. No. 37008, U.S.N.M. 

rype-fo(?aZi^y.— Station 5606, Gulf of Tomini, Celebes, 834 fath- 
oms, green mud; 1 specimen. 

Distribution. — From southern Luzon to Celebes, 559 to 890 fath- 
oms, bottom temperature 38.3^ to 39,2^ F. 

Specimens examined. — ^Four, the type and 1 from each of the fol- 
lowing stations: 

Station 5299, China Sea, vicinity of southern Luzon (lat. 20® 05' 
N. ; long. 116° 05' E.), 524 fathoms, gray mud, sand. 

Station 5582, vicinity of Darvel Bay, Borneo, 890 fathoms, gray 
mud, fine sand, bottom temperature 38.8® F. 

Station 5648, Buton Strait, Celebes (lat. 5® 35' S.; long. 1?2° 20' 
E.), 559 fathoms, green mud, bottom temperature 39.2® F. 
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Remarks. — ^The type of this species (or perhaps subspecies) is much 
larger than that of Z. alfredij which measured B, 190 imn., and in 
which B equals 9 r. A specimen of ophiactis from station 5648 has 
B 120 mm. and B=12 r. Thus the ray is relatively longer than in 
cifredi^ while in the type of opkiacHs the ray is relatively twice as 
loDg, but the specimen is much larger. Alcock describes the disk 
pedicellariae of dlfredi as being as large as grape stones. This is 
certainly very much larger than in opJdacHs^ where the longest, nar- 
rowly lanceolate as viewed from the side, measure 2 nmu They 
are usuaUy about 1.5 mm. long. As for the pedicellariae of the rays, 
Alcock says that they are much more conspicuous than any of tiie 
spines except those on the plates of the 2 most actinal rows. This 
is not true for opMactis. The pedicellariae are not so long as the 
spinelets, as a rule, and those which are longer than the spinelets 
are too slender to be very conspicuous. The stout carina! spines are 
much heavier than those of dlfredi and much larger than any of 
the pedicellariae. There seems to be considerable difference in the 
details of the adambulacral armature. 

Z. dlfredi was dredged in the Bay of Bengal 1,800 to 1,380 fathoms, 
Olobigerina ooze. 

ZOSOASTEB MICROPOBUS FU|er. 

Plate 134, fig. 4, 4a; plate 136, fig. 2; plate 139, fig. 4. 

Zoroaster microporus Fishsb, 19166, p. SO. 

Diagnosis. — ^Belated to Zoroaster barathri Alcock, from which it 
differs in having squarish instead of hexagonal carinal plates, smaller 
miliary spinelets, longer central spines on 5 lateral rows of plates 
(instead of on the 2 or 8 lowermost series only), more numerous 
pedicellariae, in having 2 inner spines of the prominent adambu- 
lacrals with pedicellariae (8 in harathrif)^ and in having 2 
transverse series of spines on the actinal face of both sorts of 
adambulacrals. B=205 mm., r=12 mm., B=17 r; breadth of ray at 
base, 18 mm. Disk small, scarcely more than the united bases of the 
rays; rays long, slender, with a conspicuous, rounded, unarmed cari- 
nal ridge, and a well-defined sulcus along either side; 6 series of 
lateral plates with a central spine; tube feet biserial. 

Description. — ^Major portion of abactinal surface of disk occupied 
by primary apical plates, forming 2 circles around the large tumid 
central plate (see figure). Plates covered with short papilliform 
spinelets spaced about half to two-thirds their length, the calcareous 
portion slender, but their membranous investment giving them an 
ovoid, often asymmetrical, form. No enlarged central spines. Two- 
jawed pedicellariae, slightly longer than the gfpinelets, rather numer- 
ous around the papulae and along the sutural lines. Papulae 1 or 2 
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to an area, small; pores very small. Carinal plates forming an 
evenly rounded, prominent, carinal ridge, the general form of the 
plates being square. The transverse sutures, which are arched, are 
nearly straight, while either border of the proximal plates is shal- 
lowly notched in the middle to accommodate a small papula, and 
each of the four comers of the plate is rounded, on account of a 
small adjacent papular pore. Beyond the basal third of the ray this 
notch disappears, on account of the absence of the pore (the comer 
pores persist irregularly far along ray) and the lateral borders of 
the plate are slightly convex. Proximally there are two transverse 
rows of lateral plates to each carinal, but the regularity is soon lost 

Adjacent to the carinals is a series of small, flat, sunken adradials, 
overlapped by the carinals and superomarginals, the widest being 
about one-third the width of the carinals. Between these and the 
adambulacrals are 6 series of regular broadly elliptical slightly 
tumid plates, wider than long and forming also regular transverse 
rows. The 2 upper series (the marginal plates) are not larger than 
the others, except that the 2 most actinal series are more covered by 
the overlapping of the adjacent plates above, and appear to be 
smaller. Very small papulae occur at the junction of any 4 plates, 
except adjacent to adambulacrals. The surface of the plates is 
covered with short, pointed, papilliform spinelets spaced one-half 
to two-thirds their length, and the inf eromarginals, and the actinal 
intermediate plates (proximally 5 rows in all) have a central ap- 
pressed, slender, needlelike spine, which on the inferomarginals is 
scarcely longer than the plate (and is sometimes obsolete), but in- 
creases in size regularly toward the furrow, the lowermost spines 
being 2 or 2^ plates long. Near the end of ray the superomarginals 
have also a small central spine. There are many small 2-jawed 
pedicellariae along the sutures between plates, especially near the 
papulae. 

Prominent adambulacral plates with a transverse oblique series 
of 6 prominent spines, and adorally to the outer 2, a second trans- 
verse series of 2 much shorter spinelets. A similar additional 
spinelet sometimes stands at the outer end of the first series. The 
innermost spine, deep in the furrow, bears a saccular investment, with 
upward of 20 small pedicellariae, while the next spine, directed 
across furrow has at the middle or base a large pedicellaria, with 
slightly curved jaws as long as or a little longer than the spine. 
The nonprominent plates have on the actinal surface usually 5 spines, 
in 2 transverse series, the aboral the larger and containing 8. In 
the furrow, near the adoral margin, on a level with the second spine 
of a prominent plate (that bearing a large pedicellaria) is a ^ort 
spine with a bunch of 6 or 8 small pedicellariae. Proximally, along 
the suture between the adambulacral and intermediate plates is a 
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row of small pedicdlariae, 1 to 8 to each adambulacral plate. Some- 
times they stand on an intennediate plate. Furrow narrow, tube 
feet in 2 series; the pedicels opposite prominent plates are smaller 
than the others, and a trifle out of line at the base of the ray. 

Madreporic body small, about one-third the diameter of the ad- 
jacent basal plate. 

ryp6.— Cat No. 87009, U.S.NJtf. 

Type4ocdUty. — Station 6687, 21 miles southwest of Amblan Island 
(off Bouro Island), Moluccas (lat. 8^ 58' 20" S.; long. 126^ 48' E.), 
700 fathoms, gray mud; 1 specimen. 

Distribution. — ^Known only from the type-locality. 

Remarka. — ^Among the species described by Alcock from the Bay 
of Bengal and adjacent waters this species stands nearest to Z. 
barathrij dredged in 1,520 fathoms in the Bay of Bengal. It differs 
from Z. plamis (Laccadive Sea, 1,200 fathoms) and Z. angulatua 
(Gulf of Manaar, 597 fathoms) in lacking the series of conical cari- 
nal spines. In addition, Z planus has hemicylindrical depressed rays, 
a very large madreporic plate, and central spines on the supero- 
marginals as well as on the other lateral plates, while the adambu- 
lacral plates do not have 2 transverse rows of spines on the actinal 
face. The disk is very definitely delimited from the base of the rays, 
the covering of spinelets is sparser, and the central spines are longer. 
Z. anfftdaius agrees in having the double series of subambulacral 
spines, but differs in the distribution of adambulacral pedicellariae, 
has superomarginal central spines, and quadriserial tube feet. 



ZOROASTER CARINATUS PmUPPINENSIS ] 

Plate U6, fig. 8; plate 135, figs. 8, 8a; plate 187. 
Zoroaster carinatus phUippinensU Fxsbsb, 1916&» p. 80. 

Diagnosis. — ^Differing from Z. carinatus (Andaman Sea) in hav- 
ing more numerous adambulacral spines (6 or 7 instead of 4 or 5) , 
with many more pedicellariae; less tumid apical plates, less promi- 
nent central spinelets to carinal plates; more numerous pedicellariae 
generally. Disk small, rays long, slender, pointed, with a midradial 
ridge or carina; central spinelets of carinal plates slightly enlarged; 
4 rows of slender appressed spinelets along side of ray (8 in small 
specimens) ; superomarginal and proximal inferomarginal plates 
without central spine (the latter sporadically with a spine in oari^ 
natus) ; prominent adambulacral plates with transverse series of 6 
or 7 spines (5 in small specimens) , the inner 2 with several large and 
small pedicellariae; E=194 mm., r=lS.5 mm., K=14 r; breadth of 
ray at base, 14 or 15 mm. 

Descrwtian, — ^Disk flat-topped, or only slightly domed, and ele- 
vated Bove midradial ridge of ray. Primary apical plates not 
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prominent, except in small specimens, and in large specimens not 
very distinct one from another, the borders being obscured by the 
dense covering of small, papilliform, blunt or sharp, spinelets (1 
mm. long in the type). These spinelets are usually more or leas 
swollen on account of their membranous covering and are inclined 
slightly toward the center of disk, the 2, 8, or 4 central spinelets of 
each plate being, as a rule, enlarged slightly, especially in large 
specimens. One of the central spinelets may surpass the others a 
trifle and be more tuberculate in form, but usually the excess is not 
at all conspicuous. One or 2 small lanceolate forficiform pedicel- 
lariae about as long as the spinelets, but more robust, stand on the 
edge of the papular areas, which in the type usually contain 2 or 8 
papulae, but in moderate or small-sized examples has generally 1 
papula. In medium-sized specimens €he spinelets are decidedly 
granular in appearance, owing to the fact that they are relatively 
shorter and nearly always blunt or truncate. 

Degree of carination of ray variable, best marked in medium-sized 
specimens (B, 125 mm.) and in large specimens such as the type 
it is rather more pronounced on the proximal part of the ray. 
Arrangement of plates and spinelets closely similar to that of Z. 
c(urvnaMb8^ but in specimens with B more than 90 muL there are 
6 longitudinal series of plates between the adradial and adambn- 
lacral plates, instead of 5 as described for oarinatua. In the present 
species some specimens of the size of the type of (xsrvMLtus (B=90 
•mm.) have 5 series and some 6. Plates of carinal series slightly 
wider than long, or the 2 dimensions subequal, with 1 or 2 lobes 
on either side, which overlap the sunken adradial plates, the 
exposed surface of the latter being one-third or one-half the width 
of the carinal plates. The next 2 series probably represent the 
marginal plates. They are wider than long, hexagonal, and the 
upper series overlaps the adradial plates and the inferomarginals. 
The exposed surface of the plates of the remaining 4 rows de- 
creases in width as the furrow is approached, and each bears a sharp, 
appressed, dagger-shaped spine, which increases in size toward the 
furrow, where they are about twice the length of their plate. These 
spines thus form vertical series of 4 along the side of the ray. 
Toward the end of the ray, after the lowermost series of plates ends, 
the spines appear on the inf eromarginal plates, and sometimes occur 
here and there, but not numerously, on the proximal inferomarginals. 
The superomarginals are without central spines. 

All the plates are closely covered with pointed, appressed, papilli- 
form spinelets, which are directed toward the midradial line, 3 or 
4 in the center of the carinal plates being enlarged, and forming an 
inconspicuous tuft. The central spinelet may be enlarged into a 
short, robust, bluntly pointed tubercle. In some specimens the 
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spinelets of the superomaringal plates increase slightly in size toward 
the inner margin, but there is much variation in this character. 
There are 7 series of papular pores, but the lowest are very small. 
Most of the pores are guarded by 1 or 2 pedicellariae, subequal to 
the spinelets, or larger. There is considerable variation in their 
occurrence. Sometimes nearly all the pores are guarded, at least 
on the proximal half of ray, while in others less than half. Pedicel- 
lariae sometimes occur proximally on the transverse sutures between 
the carinal plates. 

Prominent adambulacral plates of type with a transverse series of 
6 or 7 spines, 8 or 4 on the projection. There is usually 1 deep in 
the furrow, with a large, and 1 or more small, pedicellariae at the tip 
(or small pedicellariae only). Above this forming a nearly vertical 
series are 3 other spines, usually flattened. The lowest ha3 a large 
pedicellaria as long as the spine, sometimes with additional small 
ones ; the next 2 are usually without pedicellariae. Two or 8 shorter 
spinelets follow, on the actinal surface of the plate, but in line with 
the foregoing, while 2 or 8 (or less) additional spinelets form an 
independent transverse series adorad to the outer 2 of the principal 
series. These 4 or 5 spinelets form a group, and are subeqtial to the 
spinelets of the adjacent actinal plates. The nonprominent plates 
have a group of 4 or 5 spinelets subequal to the outer spinelets of 
the prominent plates. One stands on the furrow margin, adjacent 
to a tube foot, and has 1 or 2 medium-sized pedicellariae at the tip. 
In a large specimen from station 5326, the 3 inner spines of each 
prominent plate are provided with pedicellariae. Many plates have 
only the single transverse row of spines without the additional 
adoral spinelets. In small specimens, the pedicellariae tend to be 
relatively smaller. There is considerable variation in the relative 
numbers of large and small pedicellariae, but they are much more 
numerous than in Z. carinatics. In some specimens pedicellariae are 
lacking on the nonprominent plates. 

Madreporic body small, about half as broad as adjacent basal plate. 

Totmg. — The smallest specimen (station 5453), and the only one 
with 6 rays, measures B, 24 mm., r, 3.5 mm., B=6.8 r. The carinal 
plates are conspicuous, and touch the superomarginals. In addition 
to the inferomarginals there are a series of actinal intermediate 
plates, the inner of which extends two-thirds the length of ray. 
These plates bear a central spine as in the adult, and the central 
spinelets of the carinal plates are slightly enlarged. Four series of 
papulae — one on either side of the carinal plates, and one inter- 
marginaL The prominent adambulacral plates have 8 permanent 
spines in the furrow, the lowest with 1 or 2 pedicellariae, and on the 
actinal surface 2 or 8 additional spinelets, 1 usually out of line. The 
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other plates have 3 to 5 spinelets, the one on the furrow usually ' 
a small pedicellaria. Terminal plate large. 

ryp«.— Cat. No. 87010, U.S.N.M. 

Type-locality. — Station 5587, Sibuko Bay, Borneo, 415 fathon 
green mud, sand, coral, bottom temperature 42.8° F.; 1 

Distribution, — Philippine Islands, from northern Luzon to ' 
Tawi, and Sibuko Bay, Borneo, 96 to 604 fathoms, usually on j 
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immature specimen of the present species, dredged by the ChaUengi 
in 800 fathoms in the Arafura Sea. The measurements of this typft 
are : E, 22 mm., r, 4i26 mm. The smallest specimen in the Albairoi^ 
collection has R=88 mm. When adult, Cnermdaster bears a verf 
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dose resemblance to Mommaster Perrier, the only differential charac- 
ters that I can find being stated in the key to genera. It may be 
necessary eventually to merge the 2 genera. Perrier (1894, p. 128) 
states that there are forcipiform (croisS) pedioellariae on the disk; 
I have found numerous forficiform pedioellariae. The former are 
not supposed to occur in this family. 

In both CneTnddaater and Mammaster superambulacral plates are 
present and the first is modified into a conspicuous buttress or stay 
extending from the upper end of the combined first 2 ambulacral 
plates to the body wall at the interradius, as in Myxoderma and 
Bythiolophua. 

There are in the collection no specimens strictly comparable with 
the very small type of wyviUiij although 1 example, as already 
stated, is only slightly larger. This specimen seems to be referable 
to Sladen's species, although it must be admitted that the specific 
determination of very young specimens is. difficult, owing to the 
fact that important characters, such as granules, spines, and pedicel- 
lariae may not appear until comparatively late. The young of dif- 
ferent species may, therefore, be very closely similar. Owing, how- 
ever, to the similarity between the 2 forms, and the geographical 
proximity of the CJuxUenger station, I have thought it better to list 
the Albdtross specimens as wyvtHiu They are closely related to both 
CnenUdaster zeoj and C. aquameus. For instance, there is consid- 
erable variability, one specimen, otherwise perhaps referable to C. zea 
has central spines on the distal carinal and marginal plates, and 
spaced granules on the disk plates, while another from the same 
station (5602) has no granules on the swollen disk plates. The fol- 
lowing description will aid in determining specimens : 

Descripticm. — ^Taken from specimens from Gulf of Tomini, Celebes. 
R=109 mm., r=12 mm., R=9 r (station 6607) . Disk flat-topped and 
elevated above base of rays, the plates essentially as in the young, but 
definitely scalloped or indented for papulae. In the grooves are a 
few fair-sized pedioellariae (1.5 mm. long) about 3 times as long as 
broad at base, and a few scattered immersed granulif orm spines. One 
specimen from station 6602 has scattered small granules under the 
skin of the disk and proximal abactinal plates of the ray, while an- 
other from station 5606 has fewer granules on the disk only. Four 
other adult specimens, one from 5602, lack the granules. Bays evenly 
arched, without a marked carinal ridge. There is a carinal series of 
^gbtly convex plates proximally wider than long, distally longer 
than wide. On either side of this is a dose double row of papular 
pores emerging on either side of a nearly hidden series of small ad- 
radial plates. Then follows 8 (or 4) series of overlapping, smooth, 
skin-covered plates, followed by 8 series covered with spaced, lan- 
ceolate, flat, squamiform spinelets, which in the interbrachial areas 
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cover the first 1 or 2 plates of the other series, as far up as the lower 
border of the superomarginals. These three lower series (or 2 in 
smaller examples) have a central flattened, sharp spine cm many of 
the plates, often arranged so that alternate transverse rows lack one, 
or all of the central spines, which are therefore in spaced, often in- 
complete transverse combs. On the outer third of the ray the carinal 
and marginal plates (the latter being the only naked plates reaching 
end of ray) are armed with an appressed, tapering, sharp spine about 
as long as its plate. There is no trace of this on the young specimen, 
although present on an adult from the same station (6607). Yety 
small pedicellariae occur sparingly on the 8 lower rows of armed 
plates, and distally on the abactinal naked plates. 

Prominent adambulacral plates with a transverse series of 4 or 
5 spines, the iimermost rather deep in the furrow and directed hori- 
zontally between 2 tube feet; the next 2 longer, .erect, flattened, 
acute, slightly curved, and tapering from a stout base; the outer 1 
or 2 shorter, flattened, and more or less leaflike. The innermost 
2 spines (or the second only) bear each a large pedicellaria, fre- 
quently as long or even longer than the spines, and sometimes accom- 
panied by one to several small pedicellariae, especially at the base of 
the ray. One jaw of the pedicellaria is spatulate, larger, and more 
curved than the other, resembling a miniature duck's beak; or the 
Xaws are nearly equal and the distal half of the pedicellaria is curved, 
something like a miniature ibis's beak. Along the adoral, transverse 
margin are usually two squamiform spinelets. In the specimen with 
granular disk plates from station 5602 there are sometimes 8 spinelets 
in this series, and the one nearest furrow is tapered and bears one 
small pedicellaria (or at the base of the furrow, several) • Nonpromi- 
nent plates with usually 5 spines, in 2 transverse series (8 spines 
in the adoral). Usually the 2 aboral spines are flattened and 
squamiform, and the adoral tapered but often the outermost of the 
adoral spines is also squamiform. The innermost of that series is 
short, tapered, and stands a little out of line on the furrow margin 
of plate. It usually (but not always) bears a pedicellaria longer than 
the spine, solitary or accompanied by 1 to 8 very small ones at its base. 

In the young specimen from station 6202 the plates are subequal 
and armed with a transverse series of 4 or 5 spines, the inner- 
most slender, tapering, and sharp, the others increasing in thickness 
and becoming more flattened toward the outer end of the plate. 
Adorad to these there is often but not always 1 short spinelet, rai^y 8. 
Sladen mentions, in the description of the immature type, only the 
series of 5 spines, but his figure (1889, pi. 68, fig. 4) shows the small 
adoral spinelet. 

Madreporic body small (1.5-2.5 mm.), and surrounded by gran- 
ules or very short, stubby spinelets. Tube feet in 4 crowded series 
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prozimally, becoming 2 on the outer third or two-fifths of ray. There 
are small triangular superambulacral plates. Ampullae double, but 
the outer division very short, while the inner is vermiform and 3 or 
4 times as long. 

Specimen from vicinity of Darvel Bay^ Borneo, station 6682. — 
B=205 mm., r=17 mm., B=12 r.- In this example there is no sign of 
granulation on the abactinal plates of the disk and only the last 
dozen marginals at the tip of ray have an inconspicuous armature. 
The superomarginals usually have 2 appressed spinelets, and the in- 
feromarginals 1. On the basal third of the ray there are 4 lateral 
series of naked plates, covered with smooth skin, then 3, and finally 
near the tip of ray, 2. The enlarged central spine of the 8 actinal 
intermediate series occurs almost always only on alternate transverse 
(or vertical) series. The prominent adambulacral plates have gen- 
erally a transverse series of 4 spines, the furrow spine only bearing 
an equally long pedicellaria with jaws curved at the ends, accom- 
panied by 1 or 2 small ones. The 2 outer spines are flattened and 
squamiform, while the second is intermediate. There are 2 much 
shorter lanceolate leafiike spinelets adoral to the spines. The non- 
prominent plates have 5 squamiform spines, but the furrow spine has 
a pedicellaria only irregularly and at the base of ray. 

This example is extremely close to Cnenddaater zea (Alcock) , the 
only difference of importance seeming to be the restriction of the 
lateral spines to alternate vertical rows of plates. The description of 
zea does not particularize on this feature, so that the arrangement 
may be somewhat irregular, as in the specimens from the Gulf of 
Tomini. Of the adambulacral armature of zea, Alcock says: The 
adambulacral plates are covered with flat foliaceous spinelets; every 
alternate plate has a prominent intraambulacral ridge, bearing a row 
of 3 saber-shaped spines, and deep within the furrow a slender spine- 
let furnished with several pedicellariae one of which is large." The 
type of zea has B, 144 mm., r, 12 mm. 

Type. — ^In the British Museum (Natural History). 

Type-loccMty. — Challenger station 191, Arafura Sea, northwest of 
the Aru Islands (lat. 6° 41' S.; long. 134^ 4' 30" E.), 800 fathoms, 
green mud, bottom temperature 39.5^ F. 

Distrtbution^—YiQimty of Darvel Bay, Borneo; Gulf of Tomini, 
Celebes; Arafura Sea; 761 to 1,089 fathoms; temperature range, 
86.3^ to 39.6° F. 

Specimens examined. — Seven, from the following stations: 

Station 5582, vicinity of Darvel Bay, Borneo, 890 fathoms, gray 
mud, fine sand, bottom temperature 38.8° F. ; 1 specimen. 

Station 6602, Gulf of Tomini, Celebes (lat. 0° 22' N.; long. 132° 
03' 30" E.), 962 fathoms, gray mud; 2 specimens. 

Station 5606, same locality, 884 fathoms, green mud; 1 specimen. 
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Station 5607, same locality, 761 fathoms, fine sand; 2 specimens. 
Station 5608, same locality, 1,089 fathoms, gray mud, bottom tem- 
perature 86.8^ ; 1 specimen. 

Genius PHOLIDASTER Sladen. 

Pholidatter Slaobn, 1889, p. 420. Type, Ph. Bquamatus Sladen, first spe- 
cies ; not designated. (See also 1885, p. 616, no blnomiaL) 



PHOUDASTBS BQV AMATUS 1 

Pliolidaster squamaiuB Sladkn, 1889, p. 427, pL 67, figs. 5 and 6; pi. 68, 
figs. 5 and 6. 

Specimens examined. — Sixty-two from the following stations: 

Station 6212, east of Masbate Island, Philippines, 108 fathoms, 
gray sand and mud; bottom temperature, 59.9"^ F.; 35 specimens. 

^Station 5214, east of Masbate Island, 218 fathoms, green mud; bot- 
tom temperature, 51.4® F.; 1 specimen. 

Station 5391, between Samar and Masbate, 118 fathoms ; 1 specimen. 

Station 5392, between Samar and Masbate, 135 fathoms, green mud, 
sand ; 13 specimens. 

Station 5393, between Samar and Masbate, 136 fathoms, hard sand; 
12 specimens. 

Type. — ^In the British Museum (Natural History). 

Type-locality. — Challenger station 204, off Tablas Island, Philip- 
pine group (lat. 12® 43' K; long. 122® 9' E.) 100 fathoms, green mud. 

Distribution. — ^Known from the central part of the Philippine 
group, 100 to 135 fathoms, mud and hard sand. 

Remarks. — ^These specimens are from near the type-locality and 
agree well with Sladen's description and figures cited above. There 
are no superambulacral plates in this species. 

Genus BTTHIOLOPHUS Fisher. 

Bythiolophus FiSHEB, 1916&, p. 81. Type, B. acanthinus Fisher. 

Diagnosis. — In general structure resembling Zoroaster^ except in 
the presence of subambulacral plates, in the specialization of the first 
superambulacral plate as a conspicuous buttress running from the 
body wall at the interradius to the upper end of the 2 first ambulacral 
ossicles, and in the arrangement of the abactinal skeleton. In this 
the adradial series is more prominent than the carinal, consisting of 
alternately larger and smaller, transversely elongated plates, the 
larger of which overlie the lateral third of the carinals; both sorts 
strongly overlap the upper end of the superomarginals. Two series 
of marginal, and 4 series of intermediate plates. Adambulacral 
plates as in Zoroaster. 

Remarks. — ^In Zoroaster the carinal plates are always larger than 
the adradial plates. The latter are very often nearly hidden by the 
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carinals and superomarginals which overlap them. In the present 
genus just the reverse is the case. The adradials are I^rge and rest 
upon the superomarginals and carinals. In the arrangement of the 
dorsal skeleton Pholidaater and Cnemidaster are in essential agree* 
ment with Zoroaster. 

BTTHIOLOPHUS ACANTHINUS FUmt. 

Plate 185, figs. 1, lor-o; plate 189, figs. 1, 2. 
Bythiolophua acanthinus Fisher, 1916&, p. 31. 

Diagnosis. — ^Rays 5. R=105 mm., r=18 mm. R=8 r; breadth of 
ray at base, 14 mm. Kays 4-sided, very gradually tapering ; abactinal 
surface of ray sunken along median line except near tip, where the 
surface is nearly plane; sides forming a steep bevel; interbrachial 
arcs angular; radial plates simken, but tumid, with a short, sharp 
appressed spine; adradial plates prominent, forming margin of 
abactinal surface, larger and smaller alternating, the larger and some 
of the smaller with a central spine similar to the carinal spines; 6 
lateral series of plates, each with a prominent central spine, the 
third and fourth from top the longest; prominent adambulacral 
plates with transverse series of 4 pines, and about 8 spinelets (on 
actinal surface), the inner with 1 to several pedicellariae. 

Description. — ^Disk distorted, but apparently subplaneabactinally, 
like the rays. The primary plates are not especially prominent. 
Disk plates with a central, i^ort, sharp, lanceolate spinelet 1.5 mm. 
long, borne on a well-marked boss or mamelon. General surface of 
all plates of disk and rays covered with slender sharp membrane- 
invested spinelets about 1 mm. long and spaced one-third to one-half 
their length. On the disk they are a little stouter and the mem- 
brane a little thicker than on the rays. Three or 4 stout, broadly 
lanceolate pedicellariae surrounding each papula of the di^. 

Rays 4-sided, the side walls forming a steep bevel with abruptly 
rounded upper and lower margins. Carinal plates tumid, broader 
than long, overlapped by either adradial series, the plates of which 
are much more prominent and decidedly broader than the exposed 
portion of the carinals and form the margin of a shallow sulcus, at 
the bottom of which are the tumid carinals. These adradial plates 
are much broader than long and are of two sorts, larger and smaller 
alternating (with some irregularities), the larger being roughly 
lozenge-shaped or elliptical, the smaller irregularly elliptical and 
wedged between the outer half or two-thirds of a couple of larger 
plates. Opposite the inner end of a small plate is a large papular 
pore, there being thus a series along either side of the carinal plates. 
Between the adradial and adambulacral plates are 6 regular long!- 
184^4— BuU. 100—19 82 
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tudinal series, the plates of which also form regular vertical series, 
which correspond fairly regularly to the adradial plate& The 2 
upper series represent the marginals, which are larger than the 
plates of the 4 inferior rows, the superomarginals being slightly 
smaller than the smaller adradial plates, and the inferomarginals a 
trifle smaller than the superomarginals. A series of tiny papulae 
is present between the adradial and superomarginal plates, another 
between the marginals, a third below the marginals (not complete) 
and a fourth, very incomplete, between the first 2 intermediate row& 
Each carinal and adradial plate bears a sharp, appressed, lanceohto 
spine similar to those of disk, and forming 8 series along the dorsal 
surface of ray, the outer series being on the margin between tiie 
dorsal and lateral faces of the ray. On the distal adradial plates 
the spinelets are arranged in 2 transverse series, and on the last 25 
in a single series. The marginal plates bear each a slender, needle- 
like spine, that of the inferomarginals being proximally one and a 
half or two times the length of the superomarginal or about 3 mm. 
This spine increases in length to about 5 mm. along the middle 
third of the ray, then decreases, while the superomarginal spine 
remains 1.6 to 2 mm. long until near the end. Each of the interme- 
diate plates bears a large flattened, slender, sharp, appressed spine 
borne on a prominent boss which occupies most of the available sur- 
face of the plate. The spines are arranged thus in vertical series of 
4 proximally and 8 distally; the upper is 5 to 5.5 mm. long, the 
next subequal or a little shorter (especially distally) ; the third, 8.5 
to 4 mm., and much slenderer, while the lowermost is about 8 mm., 
and still slenderer. These spines which are in line with the margi- 
nal spines form a dense armature all along the side of the ray. Two 
or 8 short, stout pedicellariae a trifle shorter than the spinelets guard 
the dorsal papulae, while usually 1, but occasionally 2, occur close 
to the lateral papulae of the 2 upper series. The lower row of these 
2 extends only a short* distance along ray. 

Prominent adambulacral plates have a single series of 3 slender 
spines directed into the furrow, the middle the longest; on the actinal 
surface are 1 or 2 spines (similar to the foregoing, and in line with 
them) and 8 shorter spinelets, the 4 or 5 forming 2 transverse series. 
The innermost furrow spine has 1 to 4 pedicellariae at the tip, the 
largest about one-half to three-fourths the length of the spine. Non- 
prominent plates with 4 spinelets surroimding a subcentral spine. A 
spinelet on the furrow margin carries 1 or 2 small pedicellariae. The 
inner furrow spine of the flrst 4 or 5 plates has nimierous pedicellariae, 
while those on the mouth plates proper have upward of 40. These 
form a circle surrounding the mouth, the clusters touching one an- 
other. Tube feet in 4 series for three-fourths the length of ray. 
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Madreporic body small, convex, very inconspicuous. There are 
short superambulacral plates passing from the ambulacrals to the 
inferomarginals. The first superambulacral is much enlarged and 
acts as a stay or buttress connecting the upper swollen end of the 
first 2 ambulacral ossicles with the body wall at the interradial angle. 
Between this buttress and that of the adjacent ray is a very small 
membranous interbrachial septum. At the base of the ray the ambu- 
lacral ridge bends sharply upward, a fact which renders the buttress 
rattier conspicuous. 

Type.— CAt. No. 87011, U.S.N.M. 

Type-locality. — Station 6648, Buton Strait, Celebes, 559 fathoms, 
gre^i mud, bottom temperature 89.2^ F. ; 1 specimen. 

Distribution. — ^Known only from type-locality. 

Family ASTERIIDAE Gray (emended). 

Genus DISTOLASTERIAS Perrier. 

DistoUuteria$ Pebsieb, 1896, p. 84. Type, Aateriaa (Stolasterias) stichantha 
Sladen. 

DISTOLASTBBIAS EUPLBCTA Flalwr. 

Cosoinnsteriat (Distolasteriaa) euplecta Fisheb, 1906, p. 1105, pi. 41, figs. 
4, 40^; pi. 42, figs. 1-4. 

The specimen, which measures R, 155 mm., and r, 9 mm., is larger 
than the type, with relatively smaller disk. The adambulacral spines 
are a trifle more attenuate and tapered (with compressed tip) at the 
base of the ray than are those of the type. Distally the spines are 
less compressed than those of the type, most of them being practically 
terete. One or 2 actinal intermediate plates on each ray carry, ab- 
normally, a small spine, where in hypacantha there is regularly a 
spine. 

Type.— Cat. No. 21188, U.S.N.M. 

Type-locality. — Station 3885, Pailolo Channel, Hawaiian Islands, 
186 to 148 fathoms, sand and pebbles, bottom temperature 64.6° F. 

Specimen examined. — One from station 5371, northwest of Marin- 
duque Island (lat. 13° 49' 40" if.; long. 121° 40' 15" E.), 83 fathoms. 

Distribution. — ^Hawaiian Islands and Philippine Islands, The 
vertical range in the Hawaiian Islands is 63 to 182 fathoms. 

DISTOLASTERIAS HYPACANTHA Flahw. 

Plate 141, figs. 2, 8; plate 151, figs. 5, 5a. 
DUtolasterias hypacantha Fisher, 1917&, p. 92. 

Diagnosis. — ^Rays 5. R=129 mm., v=^ mm., E=16 r; breadth 
of ray at widest part near base, 14 or 15 mm. Resembling 
D. fnazophora (Alcock) and D. euplecta Fisher, from both of which 
it differs in having, on the proximal half of the ray, a s^es of small 



Digitized by LjOOQ IC 



488 BULLETIN 100, UNITED STATES NATIONAL MUSEUM. 

spines between the adambulacral spines and the inferomarginal 
spines (of which there are 2). On the abactinal surface, between 
the 2 superomarginal series, are 8 series of spines proximally, and 
only 1 (the carinal), distally; only 1 kind of major pedicedlariae 
present, slender and lanceolate in form ; rays pentagonal in section, 
the width of the lateral face proximally being about two-thirds that 
of either dorsal face (between superomarginal and carinal row of 
spines) while distally all four are nearly equal; disk very snail, 
sunken below the dorsal surface of rays; rays constricted at base. 

Description. — Plates arranged as follows : A carinal series, and on 
the dorsolateral angle of the ray a superomarginal, alternate plates 
of each series bearing a conical sharp spine; nearly midway between 
the two, a series of usually 8-lobed, much smaller, adradial plates, 
bearing somewhat irregularly a small conical spine on the proximal 
half of ray, and extending nearly to the tip of ray. Frequently 
they are so arranged that the alternate plates are connected with the 
carinals either directly by a dor^l lobe or by a short elliptical inter- 
mediate ossicle, while the other platen are joined to the superomar- 
ginals by a longer intermediate ossicle. Actinolateral border of 
ray very abrupt and formed by the inf eromarginals, each bearing 2 
slightly tapering flattened truncate or blunt spines in an oblique 
series, the outer a little longer, and above and adorad to the other. 
Extending two-thirds the length of the ray, between the inferomar- 
ginals and adambulacrals is a single series of small plates which are 
separated one from another by a papular area equal to their own 
length and extending two-thirds the length of the ray. For a third 
or a half the length of ray (depending upon size of specimen) each 
intermediate plate bears a small acicular spine about three-fourths 
the length of the outer adambulacral spine. The base of the inner- 
most marginal spine is spaced from the outer furrow spine about 
the length of the latter. 

The abactinal and superomarginal spines are surrounded by a 
basal sheath closely crowded with small forcipiform pedicellariae, 
while only the upper side of the upper inferomarginal spine is so 
provided — ^there being but a half circle of pedicellariae. These pedi- 
cellariae are about 0.85 mm. long, have about 5 lateral teeth and a 
broad terminal portion armed with many small teeth. There is but 
one sort of major pedicellariae — ^in form, slender, lanceolate, and 
pointed — scattered rather numerously on the abactinal and actinal 
surface. There are 2 series of papular areas between the carinal 
and each superomarginal series of plates, each with about 10 to 15 
papulae; an intermarginal series on each side with 5 to 8 papulae 
to the area; and an actinal series alternating with the actinal inter- 
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mediate spines with 1 to 5 papulae to an area extending about half 
the length of ray. 

The integument is marked by fine channels, somewhat irregular, 
extending from the carinal plates to the inf eromarginals. There are 
usually 2 of these lines between the superomarginal spines. 

Adambulacral spines 2, slender, flattened, slightly tapered, and 
truncate. The inner is a little shorter than the outer, which is equal 
to about the length of 4 plates. On the furrow face of about every 
other plate, or sometimes on that of several consecutive plates, is a 
fair-sized, pointed, lanceolate, forficiform, pedimculate pedicellaria. 

Each mouth plate with 2 spines at the inner actinostomial end : a 
short one, with 2 pedicellariae at the base, directed across mouth of 
furrow, and the second, over twice as long and much heavier, flat- 
tened and truncate, directed, with its near neighbor of the other 
plate, over the mouth. At the outer end of each plate an upright, 
flattened, sometimes subspatulate suboral nearly or quite as long 
as the longer apical spines. 

Typc—Czi. No. 37082, U.S.N.M. 

Type-locality. — Station 5417, between Cebu and Bohol, 165 fath- 
oms, gray mud and sand, bottom temperature 54.4^ F. ; 1 specimen. 

Dtstfibution. — ^Enown only from near type-locality, 88 to 165 
fathoms. 

Speoianena ecoamined. — ^In addition to the type, 1 from station 
5415, between Cebu and Bohol (near type-locality), 88 fathoms, fine 
sand, bottom temperature 62.4^ F. 

Bemarks. — This species closely resembles D. eustyla (Sladen), 
which is known only from the vicinity of Tristan da Cunha. Both 
species have a single series of actinal intermediate spines, but in 
euBtyla^ judging from Sladen's figure, the series extends practically 
to the tip of the ray. Sladen mentions these as a third inf eromargi- 
nal spine, but they seem to belong rather to actinal intermediate 
plates. In hypacantha the inferomarginal spines are more spaced 
from the adambulacral spines, the major pedicellariae are much more 
numerous, and are present on the actinal surface, as well as in the 
furrow, the rays are longer. Z>. dvibia Clark, from Botany Bay, 
has shorter, relatively stouter rays, stouter abactinal skeleton, larger 
major pedicellariae, broader and more flattened outer inferomarginal 
spines, deeply furrowed on the actinal side. D. ma&ophora (Alcock), 
D. euplecta Fisher, and Z>. mollis Hutton lack the actinal intermedi- 
ate spines of hypacantka. In D. euplecta the inferomarginal spines 
are closer to the furrow spines than in hypaca/rUhaj the actinal inter- 
mediate plates being smaller and more tightly wedged between the 
adambulacrals and inferomarginals. 
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Genns TARSASTER Sladen. 

Tursaater Sladen, 1889, p. 439. Type, T. stoichodes Sladen. 

TARSASTER DISTICHOPUS Flihtr. 

Plate 141, fig. 1 ; plate 155 ,figs. 8, Boro. 
Tarstuier distichopua Fibheb, 1917&, p. 92. 

Diagnosis. — ^Rays 5. R=48 mm., r=5 mm., R=9.6 r; breadth of 
ray at base 6.5 mm. Disk very small, convex; rays long, slender, 
blimtly pointed; abactinal surface prominently arched, with a very 
slight midradial carinal ridge; actinal surface nearly plane, the sides 
of ray as defined by the 2 series of marginals, nte.rly perpendicular, 
but sloping inward toward the furrow, slightly. Differing from 
Tarsaster stoichodes Sladen in having 1 adambulacral spine, 1 spine 
on the midradial plates, prominent, unguiculate forficiform pedicel- 
lariae in the furrow, and biserial tube feet. 

Description. — ^Plates arranged as follows: a carinal, a supero- 
marginal, and an inferomarginal regular longitudinal series of 
4-lobed, strongly imbricating plates, the transverse lobes nearly 
obsolete on the inferomarginals, which are contiguous to the adam- 
bulacrals (no actinal intermediate plates present). Between the 
carinal series and the superomarginals, for the proximal half of the 
ray, there are 2 not very regular series of smaller 4-lobed and 
8-lobed plates, which on the distal half of the arm are reduced 
to a single series. These plates imbricate directly with one another 
in a longitudinal direction, as in the case of the carinals and margi- 
nals, but laterally they join the superomarginals on the one hand 
and the carinals on the other by one or, sometimes proximally, by 
two elliptical secondary ossicles, as shown, perhaps, better in the 
figure than by description. There are thus proximally 3 dorsolateral 
series of papular areas and distally 2, containing 1 or 2 papulae, 
while there is, in addition, on each side, an intermarginal series of 
smaller areas with 1 papula to an area. The small disk is composed 
chiefly of primary apical plates, not very regularly arranged, with 
1 or 2 papulae in the intervening areas. 

The carinal plates, the dorsolaterals, the superomarginals, and the 
secondary elliptical, or smaller connecting, plates each bear a short 
conical spine on a central boss of the plate, those of the dorsolaterals 
and secondary ossicles being one-half to two-thirds the size of tie 
other spines, which are 1.25 to 1.6 mm. long. The inferomarginais 
(except the first plate) have each a stouter spine 2 mm. long, the 
series standing on the actinolateral margin of the ray. Each plate 
also carries, scattered over its surface, 8 to as many as 6 or 8 con- 
spicuous, ovoid (as seen from side) forcipiform pedicellariae, usually 
about 0.45 mm. long. They give the appearance of an open, rather 
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uniform, granulation to the half-dry specimen. There are usually 
1 or 2 of these pedicellariae between any 2 inferomarginal spines. 
All the plates, spines, and pedicellariae are covered by a rather thin, 
soft lAin, which hides the outlines of the plates. Between the inf ero* 
marginal and adambulacral spines is an area of bare membrane 
crossed by shallow creases or furrows opposite the interspaces be- 
tween the spines. 

Adambulacral plates, small, wider than long, slightly constricted 
or excavated along each transverse margin, and when they are 
cleaned, a distinct notch is visible on the furrow margin. On the 
proximal half of the ray there are 10 plates opposite 4.6 infero- 
marginals, and beyond the middle of the ray 10 plates correspond 
to about 5 inferomarginals. Each plate bears a single lanceolate* 
obtusely pointed, slightly flattened spine 1.5 to 1.75 mm. long on the 
furrow margin except the first 5 or 6 plates, which carry each a 
second subequal spine on the outer half of the plate. Irregularly 
scattered along the furrow are 5 to 8 unguiculate pedicellariae, with 
8 curved tines. (PI. 155, fig. 8&.) 

Wedged in between the interradial pair of unarmed inferomargi- 
nals and the mouth plates are 2 or 3 small actinal intermediate plates, 
wholly obscured by skin. 

The oral plates are narrow and form a projection toward the 
mouth, impinging upon the furrow in such a way as to lessen its 
diameter at its junction with the actinostome about one-half. The 
plates bear each 3 stout, tapering, bluntly pointed spines, one on the 
actinostomial face, and directed toward its f eEow of the opposite side 
of the mouth of furrow, while the other 2 are more robust and are 
on the actinal face of the plate. Two cat-claw pedicellariae are on 
the furrow face of the plates. 

Madreporic body small, somewhat prominent, with a few fine radi- 
ating irregular striae and coarse intervening ridges. It is situated 
at about the middle of r and has 7 conical spines, like those of the 
rest of dorsum, in a half circle on its adcentral side. Tube feet in 
2 series. 

ryp<5.— Cat. No. 37031, U.S.N.M. 

Type-locality.—StBtion 5664, Macassar Strait (lat. 4° 43' 22" S.; 
long. 118° 53' 18" E.) , 400 fathoms, hard bottom, bottom temperature 
43.3 F. ; 1 specimen. 

Remarks. — ^The known species most nearly related to the one here 
described is Taraaster stoichodes Sladen, taken by the Challenger at 
station 219, off D'Entrecasteaux Reef, north of the Admiralty Islands 
(lat. 1*^ 54' S.; long. 146° 39' 40" E.), in 150 fathoms, on coral mud. 
There is some doubt as to the generic identity of the present species on 
account.of its biserial tube feet. The specimen is small, and larger in- 
dividuals may have the feet in 4 series, just as happens with Coronas- 
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ter and other forms. If it has permanently the biserial arrangement it 
will form a connecting link with the Pedicellasteridae, which have 
very few characters, other than the biserial tube feet, that can not 
be duplicated among the Asteriidae. The type of Hydrasterias^ H. 
opAidion Sladen, is figured as having biserial tube feet, however. 

Family PEDICELLASTERIDAE Perrier. 
Subfamily Labidiasterinae Verrill. ^ 

In Verrill's scheme of classification this subfamily is placed in 
the Brisingidae, following the usual treatment of Labidiaster. I 
would suggest however, that Labidiaster has few essential charac- 
ters in common with the Brisingidae, but rather exhibits greater 
structural similarity to Caronaster. This genus seems to be more 
nearly allied to PediceUaster than to either Heliaster or to any of 
the recently proposed genera of Asteriidae. I would therefore place 
Labidiaster in the Pedicellasteridae. I have dissected a large example 
of Labidiaster radiosus Liitken, from the Straits of Magellan. 

Labidiaster differs from Brisinga, Odinia^ Freyella^ and similar 
genera in the following important particulars: (1) Its abactinal 
skeleton is not duplicated in the Brisingidae; (2) forficiform, or 
straight, pedicellariae are present; (8) the adambulacral plates are 
crowded, very short in proportion to width, and entirely unlike in 
form and armature the same highly peculiar plates of all Brisingidae; 
(4) the ambulacralia are shorter, especially the dorsal ends, which 
overlap, or imbricate with, the next adoral ambulacral plate, while 
in the Brisingidae there is no sign of imbrication, the ambulacralia 
resembling the centra of chordate vertebrae, with vertical articu- 
lating adoral and aboral facets. 

In the Brisingidae (in the narrower sense) the abactinal skeleton 
of the rays is variable, being in the form of transverse, independent, 
parallel ridges or costae, separated by areas of integument without 
plates; or the intervals may be partially or completely filled in with 
more or less imperfectly developed plates immersed in the body-wall; 
or the arches may be absent and a tessellation of thin plates may 
cover the genital region of the ray ; or there may be thin plates, more 
or less spiniferous, together with differentiated transverse costae. 

In Labidiaster the skeleton of the ray is closely similar to that of 
Coronaster. There is a longitudinal series of trilobate inf eromarginal 
plates, one of quadrilobate or cruciform superomarginal plates, and 
one of cruciform median radial plates. The marginals and radials form 
regular transverse series. On the basal portion of the ray there is a more 
or less irregular zigzag series of trilobate dorsolateral plates. The 

primary plates either connect directly by their slender lobes, or these 

— ■- ■ ' ■ ^ ' 

^ VerrUl 1014a, p. 26. 
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are joined by one or two overlapping, oblong, intermediate ossicles. 
There results an open, fairly regular, reticulate skeleton having 
large tetragonal me^es (except where the dorsolateral plates frame 
pentagonal openings) . On the outer part of the ray the langitudindly 
intermediate, connecting plates and the longitudinally oriented lobes 
of the inarginals and radials gradually disappear, so that there re- 
mains only a series of index>endent, transverse, slender skeletal bands, 
simulating those of Briainga^ but having a very different history.^ 
The skeletal meshes contain numerous papulae. The form and arma- 
ture of the adambulacral plates are as in CoroTiaster. The arrange- 
ment of the pedicellariae either on retractile wreaths surrounding 
the spines or on retractile transverse cushions is not unlike that found 
in Coronaster. The mouth plates of the Brisingidae, of Coronaster^ 
PediceUaster^ and of Labidiaster are similar in general form, those 
of Labidiaster being relatively the smallest. 

The features which are chiefly relied upon to distinguish the Bri- 
singidae, and to which the family in part owes its characteristic ap- 
pearance, are conspicuous by their different form in Labidiaster. 
Such, in the Brisingidae, are the elongate and peculiarly formed 
adambulacral plates; the long needle-like subambulacral and mar- 
ginal spines, with their characteristic sacculate sheaths; the variable 
but always non-reticulate abactinal skeleton of the rays; the presence 
of only crossed or f orcipif orm pedicellariae. 

The genus RathJywnaster (type, Ratfubimaster calif omicus^ from off 
California, deep water) was described by me as a neighbor of the 
curious polybrachiate Pt/cnopodia of Stimpson. I think the genus 
is related, instead, to Coronaster, It is notable for the suppression 
of the alternate superomarginal plates and the reduction of the abac- 
tinal skeleton to spaced circular plates without trace of connectives. 
The marginal and abactinal plates bear an acicular spine surrounded 
by a retractile sheath with an expanded distal crown covered with 
numerous pedicellariae. The ambulacral, adambulacral, and oral 
plates are similar to those of Coronaster. 

In Labidiaster^ Coronaster^ Rathbwnaster^ and certain genera of 
the Brisingidae there are two gonads to each ray ; each gonad opens 
upon the side of the ray at some distance from the base. All three 
genera, as well as the Brisingidae, have a single ampulla to each 
tube foot. 

^ Venlll, in hU " Monograph of the Shallow-water Starflahee of the North Pacific Coaat" 
1914, p. 852, propoBOB a new genus, LabidoBtrella, for LabidUuier annulatna, Sladen. " Tt 
dUrera considerably in stmetnre from L, radiO€U8, especially in having the dorsal and 
superomarginal plates nearly abortive distally, on the rays, beyond the genital regions." 
It is evident that this tendency to lose the dorsal skeleton of the distal part of the ray 
manifests Itself in L. fYuNosifs, and is carried farther in L, annulaiu*. I agree with 
Koehler that it does not form a safe basis for a generic division between two otherwise 
limilar species (Koehler, Ann. de rinstitut oc^anographlque, vol. 7, fasc 8, May 1917, 
Pt8). 
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The family Pedicellasteridae, if these views are correct, would 
consist of the subfamily PediceUasterinae with PediceUaster^ Lytas- 
ter, and Oastragter^ and of the Labidiasterinae with Ldbidiaster^ 
Coronaster^ and Bathhwuxster. 

Genus CORONASTER Perrier. 

CanmoMter Pekbieb, Ann, sd. nat, art 8, 1885, p. 18. Type, C. por/oM 
Perrier, 1894, p. 02, pi. 8.— Vebbill, 1915, p. 81.— Fishsb, 19170, p. 26^ 

Stolasteriaa (subgenus) part Sladbn, 1889, p. 584. 

HeterasterUu VxBBnx, 1914a, p. 48. Type, A9terias (Stolasterias) voUei' 
lata Sladen. 

The generic term as here used is in an extended sense, including 
Sladen's Asterias volsellcUa and hence the genus Heterasterias Yer- 
rill, founded upon that species. 

CaronasteTj as formerly understood, comprised the following nomi- 
nal species: C. parfaUi Perrier, the type, from the Cape Verde 
Islands ; 0. a/ntonii Perrier, a very immature specimen from Morocco; 
0. hriareuB (Verrill), from off the southern Atlantic coast of the 
United States; C, biapinost^ Ives, locality unknown, perhaps identi- 
cal with briareua; C. octoradiatus (Studer), from South Georgia 
Island. 

I have compared a specimen of Coronaster briarew from 90 
fathoms, Gulf stream, south of Key West, with the examples of G, 
voUeUatus {^Asterias volsellata) listed in this report In my speci- 
men of briareus the tube feet are crowded and quadriserial, or ar- 
ranged in what one might prefer to call two crowded zigzag series, 
inasmuch as the pores remain biserial, or nearly so. Profess(Mr 
Verrill (1915, p. 81), in the most recent diagnosis of Coronaster^ 
writes that the tube feet are biserial (as, indeed, they are in the 
small type and in small specimens of briareus) . This character is 
determined by age. Even in the very small 0. antomij as mentioned 
by Perrier (1894, p. 96, pi. 8, fig. 2<?), the pedicels are indpiently 
quadriserial on a part of the ray. In full-sized specimens of G, 
volseUatus the tube feet are quadriserial, or biserial at the tip and 
base and quadriserial throughout the greater part of the ray. In 
small regenerating rays of volsellatus the pedicels are biserial, and 
these small rays correspond exactly to the rays of immature speci- 
mens of other species. 

Furthermore, the highly characteristic skeleton of volseUatus is 
nearly exactly duplicated, with minor specific differences, by that of 
briareus. This skeleton, which holds good also for 0. parfaiti and 0. 
antoniij as figured by Perrier (1894, pi. 8), consists of slender-lobed 
plates, joined by more or less elongate connecting ossicles in such a 
way as to form a median radial, and two marginal regular longitn- 
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dinal series, joined together at the intervals of the primary plates by 
transverse ossicles, leaving four series of large, rectangular papular 
areas. At each node of this skeletal mesh is a sharp spine with a 
retractile wreath of abundant pedicellariae. The inferomarginal 
plates abut closely against the adambulacrals. Both species have the 
curious hand-shaped luiguiculate major pedicellariae of conspicuous 
size, characteristic of the genus very probably. 

Perrier (1894, ph 8) has given carefully drawn figures of C. 
parfaiti and C. arUomi. The skeleton is the same as that of briareus 
and of volseUatus. It seems reasonable, on account of the small size 
of Perrier's specimens, to consider them immature. They match 
very well the immatiure regenerating rays of volseUatw^ which, as 
noted above, also have the pedicels biserially arranged. 

Corona^ter voUellatus has one adambulacral spine, the other species 
generally 2. In C. parfaiti th^e are 3 spines on the first 6 plates 
and 2 on the others. C. antonii has the spines ^^ solitary on the major- 
ity of the plates, but in pairs on certain others among them.'^ I do 
not think the monacanthid condition of voUellatus of sufficient impor- 
tance to warrant a generic separation. The new Philippine and 
Moluccan species, C, haUcepus is diplacanthid and is apparently a 
close relative of volseUmtus, 

Caronaater is therefore represented in the East Indies by 2 species, 
and in the Atlantic by 5 nominal forms. 

The family affiliations of Corona^ter are somewhat involved. Its 
only strong Asteriid character is the quadriserial arrangement of the 
tube feet. Yet the ambulacral plates are not crowded, the pedicel 
pores being nearly or quite biserial as in the Brisingidae, to which 
family its strongly brisingoid mouth plates, as prominent as those of 
Odifda, would also ally it. Its skeleton is more like that of a 
simplified PediceUaater than like that of Asterias^ or allied genera. 
PedioeUaster has mouth plates of the same sort as Coronaster. 
They are more prominently "adambulacral" than those of any 
genus of the Asteriidae, even of Ooscmasteriaa^ and are nearly or 
quite as prominent, relatively, as the oral angles in Brisingcu So 
also in PediceUaster the ambulacral plates are uncrowded, as in 
Coranaater^ rather brisingoid, and the pedicel pores are in 2 series. 
As noted above the pedicel pores in large specimens of Coronaster 
form 2 slightly zigzag rows, but much less pronounced than in small 
specimens of Ooscinaateriaa (in the broadest sense), in which group 
the ambulacrals are quite compressed and crowded. 

On the whole the relationship of Ooronaater does not appear to be 
80 close to the Asteriidae as to the Pedicellasteridae, even though one 
of its species long occupied an undisputed comer in the former 
family. 
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KEY TO THE SPECIES OV CORONASTBB HBEBIN DESCRIBED. 

a^ Rays U ; 1 adambulacral spine ; adambulacral furrow pedlcellarlae slender, 
the tips of Jaws not conspicuously crossed ; abactinal f orcipif orm pedicti- 
lariae witb 5 or 6 lateral teeth in one row ; the large major ungoiculate 
pedicellariae with proximal half abruptly narrowed voUeUatus, p. 496. 

a' Rays 10; 2 adambulacral spines; adambulacral furrow pedicellariae fairly 
stout, the tips of Jaws conspicuously crossed ; abactinal f orcipiform pedicel- 
lariae with 12 or more lateral teeth in 2 series proxlmally ; proximal third 
of major unguiculate pedicellariae narrowed haliceput, p. 497. 

CORONASTBB VOLSELLATUS (Slad«ii). 

Plate 185, figs. 4, 4a ; plate 151, figs. 2, 2a-c 

A8teria8 (Stolaateriaa) voUellata Sladen, 1889, p. 584, pi. 107, flg& 1-4. 
Hetenuterias volsellata Verbill, 1914a, pp. 27, 47. 
Coronaster voUellatus Fisher, 1917a, p. 25. 

This species has been fully described and figured by Sladen in the 
ChaUenger report. The specimens collected by the Albatross agree 
in all essential particulars with the type. I have figured the pedicel- 
lariae as they differ from those of halicepus^ described below. The 
small pedicellariae arming the sheaths of the abactinal and marginal 
spines are smaller than those of haUcepus^ averaging about 0.45 mm. 
in length. In addition to 2 terminal teeth each jaw has usually 5 
small teeth in a single series along the inner side. The forficiform 
pedicellariae from the ambulacral furrow are about 1.25 mm. long, 
and are quite slender, the tips of the jaws not crossing conspicuously. 
Similar but smaller pedicellariae occur scattered over the integument 
among the papulae, and on the trabecular ridges of the skeleton. The 
unguiculate major pedicellariae are longer than those of Judicejms^ 
and are narrowed into a longer proximal portion, forming a sort of 
wrist to the miniature hand. 

Type, — In the British Museum (Natural History). 

Type-locality. — Near Cebu, Philippine Islands, 95 fathoms. 

Distribution. — Philippine Islands, 95 to 165 fathoms, on sand. 

Specimens examined.— Fomt^ from the following Philippine sta- 
tions: 

Section 5226, 9.5 miles southwest Corregidor Light, Luzon, no 
depth or bottom recorded ; 1 specimen. 

Station 5391, between Samar and Masbate, 118 fathoms; 1 speci- 
men. 

Station 5393, between Samar and Masbate, 136 fathoms, hard 
sand, 1 specimen. 

Station 5417, between Cebu and Bohol, 165 fathoms, gray mud, 
sandi bottom temperature 54.4° F. ; 1 specimen, incomplete. 

Remarks. — The stomach of a specimen from station 5391 contained 
portions of several small shrimps and a small fish. The very nu- 
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merous pedicellariae are capable of holding fairly active animals and 
are probably used to capture prey. The loose skeleton renders the 
rays very flexible, so that any crustaeans or fish held fast by the 
pedicellariae could be readily reached by the tube feet and conveyed 
to the mouth. 

COBONASTBB HAUCEPUS ndm. 

Plate 185, figs. 5, 5a ; plate 140 ; plate 151, figs. 1, IcmI. 
Caroiuuter halicepu$ Fisheb, 1917a, p. 26. 

Diagnosis, — ^In general appearance closely resembling C, voUellor 
ius^ but differing in having 10 rays, 2 adambulacral spines, relatively 
broader and shorter unguiculate pedicellariae, with longer daws, 
heavier ambulacral pedicellariae, with the jaws conspicuously crossed 
at tips, and longer forcipiform minor pedicellariae, each jaw with 
upward of 12 or even more small teeth in addition to the large ter- 
minal teeth (6 or 6 in volseUatm). B=260 mm., r=17 mm., B= 
IS+r; breadth of ray at base, 11 mm.; at 25 mm. from base, 14 or 
15 mm. ; height of disk, 10 mm. ; breadth of disk, 84 mm. ; breadth 
of actinostome, 20 mm. 

Description. — Skeleton similar to that of volsellatua^ there being 
abactinaUy 8 lines of ossicles extending the length of the ray (the 
carinal and sux>eromarginal), and adjacent to the adambulacrals an 
inferomarginal series. Equally narrow transverse bands of plates 
divide the integument into quadrate papular areas of large size, the 
intennarginal areas being regular, wider than long proximally, and 
longer than wide distally. The areas between the carinal and supero- 
marginal plates are longer than the foregoing, and irregular as to the 
transverse trabeculae. The cruciform primary plates at each node 
are connected by 1 or 2 intermediate oblong ossicles and bear a single 
slender acicular spine, the inferomarginal the longest, equaling prox- 
imally the distance between the base of the inferomarginal and corre- 
sponding superomarginal spines (7 mm). The superomarginal 
spines are one-half to two-thirds as long, and the carinal spines are 
subequal to the superomarginal, though a trifle more robust. In 
large specimens 2 or 8 small spines stand on the transverse irregular 
trabecula between the superomarginal and carinal plates. 

Each spine is surrounded by a heavy, retractile, globular sheath 
covered with small forcipiform pediceUariae, about 0.5 to 0.6 mm. 
long, whose jaws have 3 terminal teeth and a double row of upward 
of 12 small teeth, while similar pedicellariae in volseUatus have 2 
terminal and about 5 lateral teeth. The difference is best seen from 
the figures. The trabeculae and papular areas have numerous large 
6-cIawed unguiculate pedicellariae about 1.5 mm. long. These are 
much more numerous than in voUeUatus and are shorter and broader. 
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In addition, there are numerous small forficif orm pedicellariae scat- 
tered among the papulae. The papulae occur in tufts or clumps, 
about 6 or 7 to each area. 

Adambulacral plates small and bandlike, separated by an interval 
slightly in excess of their length. Spines, 2, slender, slightly tapered, 
blunt, situated on the furrow margin in an oblique series, the inner 
being aboral to the outer and about two-thirds to three-fourths as 
long; the latter is one-half to three-fifths as long as the inferomargi- 
nal spine. About every other plate has on the furrow face 1 or 2 
forficiform pedicellariae about 1 to 1.25 mm. long. These extend 
between the tube feet, and are at the end of a thick, apparently highly 
extensible stalk or peduncle, around the base of which are 1 to several 
very small pedicellariae. These pedicellariae have the ends of the 
jaws crossed and are broader than in voUellatus^ where the jaw tips 
fit together snugly. In the small regenerating rays of a specimen 
from station 5217 (the tube feet being 2-ranked) the adambulacral 
plates have 2 truncate, slightly tapered, subequal spines. 

Mouth plates resembling those of the Brisingidae, excavated on the 
furrow margin for the first tube foot. On the middle of the actinal 
surface of each plate is a robust, flattened, truncate spine about as 
long as the median suture. On the actinostomial margin are 2 simi- 
lar shorter spines, 1 directed across mouth of furrow, the other mid- 
way to the median suture. From the base of the latter is a short 
flap of membrane, and from the former are 2 long, slender sacculi 
crowded with very numerous small pedicellariae. Two large pedun- 
culate, unguiculate pedicellariae (similar to those of the abactinal 
surface) extend over the actinostome from between the inner mar- 
ginal spines of each mouth-pair. Numerous small forficiform pedi- 
cellariae with short, thick pedicels are scattered over the surface of 
the plates, and sometimes 1 or 3 major unguiculate pedicellariae in 
addition. In volaeUata there are the same number of spines, but the 
marginal spines lack the streamers of pedicellariae. The unguicu- 
late pedicellariae are present, but very few small pedicellariae on the 
surface of the plate. In the type the first 10 pairs of tube feet are 
obviously 2-ranked ; then they become crowded and 4-ranked, return- 
ing to 2 series on the outer attenuate part of the ray. A smaller 
specimen from station 5217 has the feet less obviously 4-ranked. It 
is wholly a matter of age. 

In halicejma the disk has more numerous spines— about 80— and 
more numerous unguiculate pedicellariae. The madreporic body is 
slightly larger. 

rype.— Cat. No. 87012, U.S.N.M. 

Type-locality. — Station 6281, between Lubang and Luzon, 201 
fathoms, dark gray sand, bottom temperature 50.4° F. ; 1 specimen. 
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Distribution. — Philippine and Molucca Islands, 105 to 298 fathoms, 
on sand. 

Specimens examined. — ^In addition to the type, 1 specimen, and 
fragments from the following stations : 

Station 5217, between Burias and Luzon, 105 fathoms, coarse gray 
sand, 1 specimen. 

Station 5417, between Oebu and Bohol, 165 fathoms, gray mud, 
sand, bottom temperature 54.4^ F.; 4 rays. 

Station 5621, Molucca Islands, off Molucca Passage, 298 fathoms, 
gray and black sand; 4 rays. 

Subfamily Pedicellasterinae Fisher.* 

Genus PEDICELLASTER Sara. 

PedioeUaater Sabs, Overslgt af Norges Echinodermer, 1861, p. 77. Type, 
P. typUms Sars. 



PEDIGBLLASTEB CHniOPHORUS ] 

Plate 142, fig. 2; plate 156, figs. 2, 2ar-b. 

Pedicettaater cMropJiorua 1917&, p. OS. 

Diagnosis. — ^Rays 5. R=27 mm., r=4 mm., R=7 r± ; breadth of 
ray at base, 4.5 mm. Rays slender, tapering, disk small; plates cruci- 
form, in regular series, each bearing a short thorny spinelet and 1 to 
3 ovoid forcipiform pedicellariae. Adambulacral armature: a trans- 
verse row of 8, then S^ spinelets 2 to 3 times longer than those of the 
adjacent actinal and marginal plates, and here and there along the 
ray a large unguiculate pedicellaria usually borne on or near the 
farrow margin; 6 oral spinelets. 

Description. — Plates of ray 4-lobed or 3-lobed and arranged in 
longitudinal and less regular transverse series. There is a midradial 
or carinal series, a superomarginal, inferomarginal, and 2 actinal 
intermediate series. Between the carinal and superomarginal series, 
which are regular, is a zigzag series of dorsolateral plates, or what 
might equally well be considered 2 series of 3-lobed plates alternating 
in position, with reference to the plates of the neighboring series. 
At the base of the ray an elliptical secondary plate is interpolated 
(usually) between the alternate adradial plates and the carinals 
and between the other dorsolaterals and the superomarginals. A 
similar plate connects the proximal superomarginals with the corre- 
sponding inferomarginals. On the disk there are 2 or 3 plates of a 
third actinal intermediate series adjacent to the adambulacral plates. 
The first intermediate series reaches about half the length of ray, 
the second a little less than one-third. The inferomarginals are 
therefore contiguous to the adambulacrals on the outer half of the 

; 1918, p. 108. 
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ray. The plates each bear a short, somewhat four-sided, only 
slightly tapered, spinelet, superficially truncate, but really terminate 
ing in 8 or 4 minute sharp prongs, with sometimes accessory points 
below them. These spinelets are 0.4 to 0.6 mm. in length and 0.15 
to 0.18 mm. thick just above the base. These spinelets are borne on 
a slight rounded eminence at the middle of the plate. A few abacti- 
nal plates have a smaller accessory spinule on one of the lobes. 
Each plate bears also 1 to 4 forcipiform, ovoid pedicellariae, usually 
on the margin of the papular areas, and about 0.86 to 0.88 mm. in 
length. These have the appearance in the dry specimen of being 
pretty uniformly scattered over the surface of the body. 

There are 8 longitudinal rows of somewhat quadrate papular areas, 
which usually contain a single papula. In addition between the 
first and second actinal intermediate series of plates is a very short 
series of narrow subtriangular papular areas. 

The terminal plate is large and subcircular except on the side 
toward the ray, where there is an obtuse angular notch or indentation. 
The plate is covered with spinelets 2 or 8 times as long as those of the 
adjacent abactinal and marginal plates. 

Adambulacral armature, a regular transverse series of 8 slender, 
tapering pointed, slightly thorny spinlets, the median a trifle the 
largest, borne on a moderately developed ridge of the plate. On the 
outer two-thirds of the ray there are only 2 such spines. About 6 or 8 
plates along either side of each furrow, and irregularly spaced, bear 
on the inner edge, near the furrow spine, a relatively huge unguicu- 
late forficiform pedicellaria, with usually three curved claws or 
teeth. These are 1 to 1.2 mm. long and resemble 2 minute clasped 
hands (with 8 short fingers). On 2 rays there is a large pedicellaria 
on the outer side of the third plate. Most of the adambulacral plates 
have also an ordinary forcipiform pedicellaria just external to the 
outermost spine. 

Mouth plates fairly prominent and with a prominent median 
suture. The form of the combined pair is a truncated oval, the sub- 
oral surface being narrower toward the inner than at the outer end. 
Armature : a single series of tapered spinules, there being usually 8 
larger ones on the actinal surface and 2 conspicuously smaller ones, 
one above the other, on the actinostomial face of the plate. One plate 
has a large cat-claw pedicellaria on the outer, furrow comer. 

Tube feet strictly biserial. Madreporic body flat, with radiating 
coarse striae. It is situated about midway along the minor radius. 

Type.—C2it No. 87030, U.S.N.M. 

Type-locaUty.— Station 5656, Gulf of Boni, Celebes (lat. 8^ 17' 
40" S.; long. 120^ 86' 45" E.), 484 fathoms, gray mud, bottom tem- 
perature 41.2° F. ; 1 specimen. 
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Remarks. — ^This species differs from all others of the genus in 
having relatively enormous unguiculate adambulacral pedicellariae 
in combination with prozimally 8 adambulacral spines. PediceUaster 
atratua Alcock, from the Andaman Sea and Bay of Bengal, 220 to 290 
fathoms, is of very large size for this genus, has 2 adambulacral 
spines only, and lacks the large cat-claw pedicellariae. Its color is 
described as uniform jet-black. 

PBDICBLLA8TBB, ipMlM. 

There is a mutilated specimen of a Pedicellaater differing from the 
preceding in having 2 adambulacral spines throughout the ray, in 
lacking large forficiform cat-claw pedicellariae, in having rather 
fewer minor pedicellariae (which, however, are closely similar to 
tihose of chirophorua). The spinelets are enveloped in a very evident 
sacculus. 

Station 5680, south of Patiente Strait (lat. 0^ 66' 80" S. ; long. 128° 
06' E.), 569 fathoms, coral sand, mud. 

Family BRISINGIDAE G. 0. Sars, 

SYNOPSIS or THB KNOWN OBNXBA OV BUSINOIDAS.* 

a\ Abactinal surface of disk and genital region of ray provided with numerous 
conspicuous papulae ; 2 gonads to each ray ; mouth plates broad and fan- 
shaped toward the actinostome, nearly closing the entrance to the ambu- 
lacral furrow; genital region of ray with transverse skeletal arches, be- 
tween which the integument is strengthened by immersed plates and 
pierced by papular pores; ray with regularly spaced, lateral, transverse 
combs of upward of 7 conspicuous, slender spines; adambulacral plates 
higher than long, with a single, prominent subambulacral spine, frequently 
truncate and more or less spatulate proximally; first 3 to 6 pairs of 
adambulacral plates united in each interradius, and above them the 
marginal plates are similarly united; a syzygy between first and second 
adambulacral plates, and also sometimes a partial syzygy between the 
second and third and between the third and fourth plates. Genotype, 
Bfininoa semicoronata Perrier Odinia Perrier. 

s". A single circle of rather small papulae near margin of disk, 2 papulae cor- 
responding to each ray ; rays, as in Briainga, without papulae. First and 
second adambulacral plates united by a syzygy (nonmuscular symphysis) 
and upper part of second and third ambulacral plates united by syzygy; 
gonads numerous, in series; first pair of adambulacral plates in each 
Interbrachium closely united (as in figs. 2 and 2a; pi. 156). Genotype, 
Brisinga mimica Fisher BriHngenes Fisher. 

I*. No papulae present either on disk or on rays. 
b* No visible abactinal skeleton on rays but embryonic plates may be con- 
cealed in the thin integument ; gonads unknown, 
c^. Minute embryonic lattice-plates are present in abactinal integument of 
rays; functional skeleton of ray reduced to ambulacral and adam- 

* For lAbidiatter, see under Pedicellasteridae. 
13434— BuU. 100—19 88 
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bulacral plates ; disk finely spinulate, a few spinelets extending upon 
ray; interbrachial skeleton resembling that of BriHngeUa, but the 
first marginals unequal in size ; first adambulacral {Rates entirely sep- 
arated; adambulacral armature very simple. Genotype, Hymeiuh 

discus agassizi Perrier Hymenodiscus Perrier.* 

c* Rays composed of ambulacral and adambulacral plates and an abactinal 
integument devoid of skeleton, but covered with numerous, relatively 
large pedicellariae arranged in transverse bands. Disk not known. 

Genotype, Oymnohrisinga sarsU Studer Qymnohrisinga Studer. 

h\ Abactinal skeleton present on disk, and on proximal portion of rays at 
least, either in the form of transverse independent skeletal arches or 
as a continuous covering of thin plates, or both arches and intervening 
thin plates, 
c*. Disk plates large, with a comparatively few, fairly large, disk spines, 
and a vertical series of about 4 conspicuous, lateral spines to each 
successive skeletal arch of the rays, these lateral combs occurring at 
regular intervals all along side of ray; mouth plates expanded fan- 
wise toward actinostome, nearly closing entrance to ambulacral fur- 
row ; subambulacral spine with a modified truncate tip ; first pair of 
adambulacral plates of each interbrachial angle united, but the 
united pair of conspicuous first marginal plates is interpolated from 
above between their distal ends; syzygy* (?); related to OdifUa, 

Genotype, Brisingaster roMUardi de Loriol Brisingaster de LorioL 

c". Disk plates small, bearing 1 to several small spinelets; on the ray 

only 1 lateral or marginal spine corresponding to the variably spaced 

inferomarginal plates; never a vertical comb of conspicuous lateral 

spines. 

d^ First and second adambulacral plates as well as the upper part of the 

second and third ambulacral plates united by syzygy (nonmuscular 

symphysis). 



>For description see Perrier, 1884, p. 189, pis. 1 and 2. The type of HymenedUout 
agassiati (No. 1448, Museam Comparatlye ZoOlogy) is almost certainly a very Immatare 
spedmen, as it is small, and there are no gonads. There are no skeletal arches on the 
rays and the greater part of the thin abactinal integument has been removed. The fine 
spinulation of the disk extends npon the base of the ray. The abactinal Integnment of 
the ray, although yery delicate, contains a single layer of latticework holothurold plates, 
some of which at the yery base of the ray bear minute spinelets. From this it would 
seem that the abactinal wall of the ray is destined to be similar to that of FreyeUa, 
unless in the fully adult animals the plates retain their embryonic character. 

The interbrachium resembles that of BriHngeUa, but dlflTera in haying the first ma^ 
glnais (those which bound the apex of the Interbrachial angle) unequal in size. (See 
Fisher 1918, p. 104, figs. 1 and 2.) In Brisingclla these plates are equal, and the sutnn 
between the Interradlal ends is on a line with the interradlal, or median oral, suture. 
There ia a distinct syzygy between the first and second adambulacral plates. The inte^ 
brachla are not so open as in BriHngeUa, as the Inner ends of the first adambulacral plates 
are normally in contact, or yery nearly so. In an adult specimen we would expect to 
find these plates still closer together. It is worth noting that in FreyelUuter and in 
BrMnga, s. s., the first marginal plates are of unequal size. (See pi. 156, figs. 1 and la.) 
Tet in Its present Juyenlle form the interbrachial angle is diflTerent from that of either 
FreyelUuter or BriHnga, while the entire absence of costal arches, as well as of gonads, 
may reasonably be attributed to immaturity. It does not seem possible to identify this 
problematical form with any other genus, except the eyen less known Gyntnobtisinga of 
Qtuder. 

Gymnohrisinga ^arsU (Abhandl. Akad Wlss. Berlin, Anhang, Abth. 2, 1884, p. 13, pi. 8, 
fig. 5) is based upon a brisingold ray only. This lacks a dorsal skeleton, and while the 
large pedlcellarin figured by Studer Is different from those of Hymenodi80H» agataigi, I am 
quite unprepared to offer an opinion as to the generic distinctness of the two species. 
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e^. Abactlnal skeleton of rays in the form of independent spaced arches 
or costae composed of elongate, more or less compressed, over- 
lapping plates, projecting well above the level of the intervening 
integument and bearing small splnelets; intercostal integument 
not fortified by thin, immersed, spineless fenestrated plates. 
f. Gonads numerous, in a series along either side of each ray ; the 
interradial (first) pair of adambulacral plates is Joined by their 
lateral faces, and above them is a united pair of first marginal 
plates— four In all. (Figs. 1 and la, pi. 156.) 
1^. Subambulacral spines of proximal adambulacral plates slender, 
acicular ; the accessory subambulacral spine, if present, is on 
the adoral half of the plate; adambulacral armature is 
not dense and crowded. (Genotype, Briainffa endeoaonemot 

AsbJ0rnsen BrMnga AsbJ0msen. 

p*. Subambulacral spines of proximal adambulacral plates v^th 
modified, capitate, often truncate, tips ; second subambulacral 
spine regularly present, prominent, and near aboral end 
of plate; adambulacral plates short, with crowded arma- 
ture, (xenotype, BrUinga panopla Fisher. 

X ' . CraterohriHnga Fisher. 
/*. Gonads 2 to each ray (one on each side) ; subambulacral spines 
all delicate and acicular. 
^. The interradial (first) pair of adambulacral plates is Joined by 
their lateral faces, and above them is a united pedr of first 
marginal plates — i In all. (Figs. 2 and 2a, pi. 156.) Geno- 
type, Brisinga tnoluccana Fisher Astrostephane Fisher. 

^. The interradial (first) pair of adambulacral plates is not Joined, 
but separate, the outer end of the combined mouth plates 
being usually interpolated between the inner ends of these 
adambulacral plates; first pair of marginal plates is not 
closely united by their lateral faces but only by the adoral 
ends, to which also is closely united the lower end of the 
interradial plate, forming a rude reversed Y, of which the 
angle is the apex of the interbrachial angle and the arms 
are the first marginal plates (figs. 3 and 3a, pi. 156) ; adambu- 
lacral plates slender, with delicate subambulacral spine ; rays 
delicate, very deciduous. Genotype, Brisinga fragilis Fisher. 

BrisingeUa Fisher. 
^. Abactlnal skeleton of rays consisting of independent compressed 
arches or costae as in Brisinga, but the integument between the 
arches is crowded with numerous, spineless, immersed, fenes- 
trated, thin plates, sometimes slightly overlapping, yet leaving 
the integument quite fiexible ; gonads 2 or 4 to each ray. 
f-. First pair of adambulacral plates united, and Joined to their 
upper side is a united pair of marginal plates, 4 in all, as in 
Brisinga; proximal adambulacral plates higher than long; 
gonads 2 to each ray. (Jenotype, Brisinga (8tegnoI)risinga) 

placodertna Fisher Stegnohrisinga Fisher. 

/". First pair of adambulacral plates not Joined together by their 
lateral faces, but separate; first pair of marginal plates is not 
closely united by their lateral faces, but only by the adoral 
ends, to which also is closely united the lower end of the 
interradial plate, forming a rude inverted Y, of which the 
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angle 1b the apex of the Interbrachlal angle and the anns are 

the first marginal plates (figs. 3 and 8a» pL 156) ; proximal 

adambulacral plates not higher than long ; gonads 2 or 4 to eadb 

ray. Genotype, BriHnoapanafnen$i8hn6wig^atrolinuFiam} 

6^. Abactinal skeleton of genital region of ray composed of a nniform 

armor of thin spiniferons, more or less oyerliM;>ping plates, bat 

not of independent arches or costae. 

f. Primary plates of disk much larger than the others which are 

small ; gonads 2 to each ray ; an interradlal plate, Tertical In 

position, is interpolated between the proximal ends of the flnt 

adambulacral plates, and touches the mouth plates* but does not 

encroach upon the actinal surface as in Oolpaster, Qenotype, 

BelgioeUa raooviteana Ludwig BelgiceUa Ludwig. 

f. Primary plates of disk not conspicuous, and not distinguishable 

from the other abactinal plates of disk. 

^. Mx azygous interradlal plate, shield-shaped and conspicnow 

superficially on the actinal surface, separates the first pair 

of free adambulacral plates; gonads unknown. Genotype, 

Colpaster aovli^enUiw Sladen Colpaster Sladeo. 

p*. First pair of adambulacral plates not separated by an acygoos 

plate, but united as in BriMnga^ and above them is a pair 

of conspicuous, united, first marginal plates — 4 in all in each 

, interradlal angle ; gonads numerous, in a series along either 

side of the ray. Genotype, Freyella fecunda Fisher. 

FreyeUoHter Fisher. 
d'. No syzygy, or nonmuscular symphysis, between the first and aecofid 
adambulacral plates nor between the upper part of the second and 
third ambulacral plates, but a normal muscular symphysis not 
different from the others ; no marginal plates directly above the first 
pair of adambulacral plates ; the latter are usually not united except 
sometimes by the proximal ends ; touching the lower end of the inter- 
radlal plate is a pair of very inconspicuous plates lying in the same 
plane, and superficially appearing to be a part of the interradlal 
plate.' These are really the outer ends of the mouth plates which 
project dorsally behind the first pair of adambulacral plates. The 
latter, by sometimes touching at their inner ends or apposing their 
lateral faces, segregate this dorsal portion of the mouth plates fh)iD 
the actinal, spine-bearing part. For this reason they may easily be 
mistaken for 2 entirely independent plates (see fig. 4, pi. 156). 
6^. Abactinal skeleton of ray composed of a uniform armor of thin, 
spiniferous more or less overlapping plates as in Freyellaster, not 
of spaced, Independent arches or costae; furrow splnelets not 
modified or expanded at the tip. Genotype, Freyella apinota 

Perrier Freyella Perrier. 

e*. Abactinal skeleton of ray composed of independent transrerae 
arches, composed, on radial area, of fiattened, overlapping plates 
(not of elongate, narrow, more or less compressed ossicles as in 
Brisinga) ; these costae bear splnelets and are separated by inter- 
vals devoid of plates; furrow splnelets with curiously modified 
expanded tips. Gtenotype, Astrodea actinodetvs—Aatroclcs Fisher.* 

^Fisher, 1017t PP. 424, 428. 

t The interradlal plate described by Ludwig in BelgioeUa is very probably the tnie 
interradlal plate plus these extreme outer ends of the mouth plates, which, unless treated 
with potash, appear to be a part of the interradlal plate (Ludwig, 1903, p. 60). 

•Fisher, 1917f, pp. 426, 430. 
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Genus ODINIA Pcrrier. 

OdifUa PSBBIEB, Ann. sci. nat, ZooL, vol. 19, art 8, 1886, p. 9. Type, O. 
semiooronata Perrier. 



ODINIA PENICHRA 
Plate 142, fig. 1 ; plate 151, figs. 3, Sor-^. 
Odinia penichra Fisheb, 1916&, p. 81. 

Diagno8i8. — ^Rays 16. Bays rather slender, the costal region ex- 
tending about half the length of ray and containing 10 to 12 com- 
plete, rather weak, conspicuously spiniferous costae, widely and 
nearly equidistantly spaced; disk with steeply beveled margin and 
conspicuous, terminally denticulate spinelets in ones and twos on 
its slightly convex plates; adambulacral armature with 1 slender 
aboral furrow spinelet and 1 actinal spine proximally bifid; oral 
plates with 4 or 5 actinostomial spinelets, and 1 aboral furrow spine- 
let; no suboral spine. R=100 mm., r=7.5 mm. (to edge of disk), 
S=13.3 r; breadth of ray at base, 3.5 mm.; breadth of actinostome, 
9 mm. 

Description — Disk with a beveled margin and closely placed, 
slightly convex, plates bearing usually 1, but sometimes 2 or 8 
slender, tapering, spaced spinelets one-half to once their length apart 
and about 0.75 mm. in length. The tip of the spine consists of 
several very minute points, and there is usually a tiny pedicellaria 
at the base. Papulae conspicuous and distributed all over disk. 

Says slender, only slightly inflated at base, and with 10-12 com- 
plete, rather weak, widely spaced costae, extending nearly half the 
length of ray. Beyond these are 3 or 4 rudimentary costae hidden 
by pedicellariae. The first costa is about one-third the diameter 
of disk from the base, and the first 6 or 7 intercostal spaces are paved 
with irregular contiguous plates, becoming disconnected in the 7th 
and 8th spaces. Scattered plates of the first 2 intercostal areas bear 
small sharp spineleta The costae bear spaced, conspicuous, slender 
spines, usually about 10, of which 3 on each side are much the long- 
est, and the 4 or 5 median are the shortest, except on the first 2 or 3 
costae, where the lateral spines are obsolete. The median costal spines 
of the first 2 or 3 arches are about 2 mm. in length and decrease 
slightly in length aborad while the lateral 3 spines increase. Of 
these the outermost is longest and equals the length of about 3.6 con- 
secutive adambulacral plates. The spines are covered with pedicel- 
lariae and the papulae extend to the last complete arch, decreasing 
gradually in number distad. Beyond the eleventh or twelfth costal 
arch only the 3 lateral spines persist, the median portion of the 
costa becoming at first rudimentary, these disappearing. 

First 10 adambulacral plates a little higher than long, but length 
and width about equal as seen directly from below. First 3 subam- 
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bulacral spines tapering and pointed, then compressed, broad and 
often bifid at tip, the 2 parts being truncate. These spines are about 
2-2.5 adambulacral plates in length, and increase very slightly up to 
the fifteenth, whence they soon lose the truncate tip and decrease 
gradually in length. At the end of the costal region the subambulac- 
ral spine is about three-fourths the length of the adjacent lateral spine. 
On the aboral apophysis of the plate is a single furrow spinelet about 
the length of the plate. Beyond the proximal two-thirds of the 
costal region this is usually lacking. 

Mouth plates with an expanded, curved, actinostomial border, a 
very excavated furrow margin and a less expanded margin adjacent 
to first adambulacral. No suboral spine. At the outer furrow comer 
is 1 furrow spinelet about one-third the sutural length of plate. Acti- 
nostomial margin with 4 or 5 spinelets (8 to 10 for the combined 
plates) spread fan- wise toward actinostome and mouth of furrow, 
where they interdigitate but do not fuse. The lateral spinelets are 
slightly the longest as a rule. They bear a few pedicellariae. 

Gonads are 2 to each ray. 

Madrepodic body small and turned toward the margin. 

Type.— Csit No. 37019, U.S.N.M. 

Type-locality. — Station 5217, between Burias and Luzon, 105 
fathoms, coarse gray sand ; 1 specimen. 

Distribution. — Known only from the type-locality. 

Remarks. — In general appearance this species resembles Odinia 
austini Koehler and is about the same size as that form, from which 
it differs in having a more extensive costal region, the first costa 
being opposite the fifth instead of the fifteenth adambulacral plate; 
in having on the proximal adambulacral plates an aboral furrow 
spinelet, and, judging by Koehler's figure (1909, pi. 13, fig. 6), a 
differently formed oral angle. In 0. penichra the mouth plates are 
much larger than in ousting the actinostomial margin is broader, the 
pair of plates are more constricted medially, the spinelets bear pedi- 
cellariae, and there is a distal furrow spinelet. According to Koeh- 
ler's figure the rays are joined together as far as the beginning of the 
sixth adambulacral plates; in 0. penichra only the first three are 
joined. The mouth plates also differ from those of 0. clarki Koeh- 
ler (1909, pi. 4, fig. 7) both in form and in lacking a suboral spine. 
In 0. penichra the plates are much expanded at the outer as well 
as the inner end, and there is an aboral furrow spinelet. In neither 
dl<irki or austini is this the case. 0. clarki differs further in having 
more numerous costae, more conspicuous costal spines, a greater dis- 
tance between the disk and the first costal spine, and 1 suboral spine. 
In 0. paoiflca Fisher, from the Hawaiian Islands, the disk spinelets 
are cylindrical or swollen at the tip, which ends in many minute 
points, and there are more often 2 or 8 spinelets to a plate than 1; 
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there are only 6 or 7 easily recognized costae (only about 5 being 
conspicuous), confined to the proximal fourth or less of the ray, and 
the proximal ridges are very indistinct, with a few scattered spines 
in the median region and none on the sides ; there is a short suboral 
spine, and the marginal oral spinelets are shorter. 

ODIMIA MAGISTBB Fldier. 

Plate 143, figs. 1, 2; plate 144, fig. 2; plate 151, fig. 4; plate 152, figs. 3, 3a (see 
also plate 152, fig. 2, Odinia pad flea), 
Odinia maffister Fisher, 1917&, p. 93. 

Diagnosis. — ^Differing from O. pacifica Fisher in having a per- 
fectly smooth integument on the genital region, in having more nu- 
merous, stouter and shorter spines (6 or 7) on the largest lateral fans 
beyond the genital region, and in having a differently formed artic- 
ulating surface to the first pair of ambulacral plates of the ray. Disk 
and number of rays unknown. Eay 350 to 360 mm. ; breadth at base, 
measured at fifth adambulacral plate (the first one which is not 
joined to its vis-ft-vis of the adjacent ray) 10 mm. Size very large; 
genital region occupying about one- fourth total length of ray, and 
crossed by about 10 costae, the first 4 or 5 being very irregular and 
hard to distinguish; lateral spines 5 to 7, 4 and 3 distally; only 1 
actinal adambulacral spine, proximally flattened and grooved at 
tip; pediceUariae all small; none on the integument of genital 
region; no integumentary prickles or spinelets. 

Description. — ^Ray greatly swollen for about a fourth of its length 
by the gonads, the highest portion being 25 mm., about 25 mm. from 
the base. The breadth at this point is 17 to 20 mm. The swollen 
region tapers from this place into the distal two-thirds of the arm, 
which is not enlarged. The skin of the genital region is smooth and 
entirely devoid of prickles or minute spinelets of any sort, and there 
are no thickly and evenly distributed pediceUariae, such as charac- 
terize 0. pacifica. This skin hides the reticulated skeleton of the 
basal portion of the ray. For the first 40 mm. of the ray the costal 
bands of plates are evident superficially only in the mid-dorsal 
region, where each spaced ridge bears 1 to 3 stout acicular spines 
about 7 mm. long, incased in a sacculus of pediceUariae. The inter- 
vals between the ridges are 5 to 10 mm., differing with the distension 
of the integument. If a portion of the body waU is treated with 
caustic potash and dried the plates are seen to be very irregular in 
shape and diverse in size. The costal plates are elongated, with 
often 1 or 2 lateral lobes, while the plates which bear the spines are 
stellate, with 6 or 6 broad, more or less unequal, lobes. The inter- 
costal plates are thin, flat, and overlapping. In the very irregular 
spaces between them 1 to 5 long vermiform, pointed papulae emerge. 
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Beyond the first 40 mm. of the ray the costae become well defined 
and increasingly more prominent, especially on the sides, and bear 
about 10 spines, spaced all the way across the arm, and longest lat- 
erally (10 mm.). Beyond the 80 mm. mark they become more and 
more localized laterally into fans of sacculated spines borne on a 
prominent transverse ridge, while the median portion of the ray is 
devoid both of spines and plates. ProximaUy there are 6 or 7 spines 
to a comb (the second and third from the lowest usually the longest, 
about 12 nun.), then 5 for a considerable distance, then 4, and finaUj 
3 at the end of the ray. (See pi. 148, fig. 2.) As soon as the spines 
are segregated on lateral combs, pedicellariae in circular cushions 
appear on the radial area and between the combs, and these pads or 
flaps sometimes coalesce into incomplete transverse bands. The 
spines themselves are invested with a thick sacculus, covered with 
small pedicellariae. 

The papulae extend about 110 mm. from base of ray (one*third the 
total length), and the lateral papulae are often very much swollen 
at the base, as if distended by products of excretion. 

The adambulacral plates are higher than long and bear only 1 
large erect spine, which, proximally, is usually flattened and sub- 
truncate at the tip. The terminal portion is not much widened, but 
there is usually a very evident longitudinal furrow (sometimes 2). 
The spine then has a couple of incipient truncate or sharp extremi- 
ties. Beyond the basal third of the ray the extremity of the spine 
is tapered and either sharp or truncate, and often retains the groove 
and the 2 more or less well-defined tips. On the outer side of the 
spine is a thick felting of pedicellariae on a flange of tissue which 
extends as a flap or pennant beyond the tip of the spine for half or 
three-quarters its length. The combs of lateral spines are opposite 
about every third adambulacral plate; there are thus 2 plates inter- 
polated between the plates which have the lateral spines opposite 
them. 

The proximal half of the ^^ genital region" is packed with the 
gonads which consist of long, slender, mostly dichotomously branched 
tubules. These converge and open to the exterior 19 mm. from the 
base of the ray and 12 mm. above the actinal surface of the adambu- 
lacral plates. The distal half of the inflated region is filled with 
the lobulated tubules of the hepatic coeca, which extend nearly half 
the length of ray. The lobes seem to be solid and are attached to a 
long axial canal which is scarcely evident above the testes. The 
lobules when crushed give out numerous oil globules. 

Type.— C9.t. No. 87026, U.S.N.M. 

Type-locality.— StAtion 5258, off southern Panay (lat 10** 27' 45" 
N. ; long. 122° 12' 80" E.) ; marked intermediate haul in list of dredg- 
ing stations. 
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Remarks. — ^This large species differs from O. paciflca in having 
more numerous, stouter, and shorter spines on the largest lateral 
fans. In pacifiea the spines are 4 to a comb, very slender, and the 
longest equal 7.5 to 8 plates in length while in magister there are 

6 or 7 spines, 6 to 6.5 plates in length. In magister the skin of the 
genital region is perfectly smooth ; in pacifiea it is thickly peppered 
with minute pedicellariae. The articulating surface of the first pair 
of ambulacral ossicles (at base of ray) has, in m^ister^ a nearly 
elliptical contour, but in paeifica the upper end is much broader than 
the lower (see pi. 152, figs. 2 and 8a). 

OdirUa peniohra Fisher and O. da/rld Koehler have a furrow 
spine; the former has spinelets on the integument between the proxi- 
mal costal ridges, and scattered pedicellariae, while clavki has a long 
genital region with numerou3 complete costae, bearing each a com- 
plete series of robust conspicuous spines, and has only 4 spines in 
the lateral fans beyond the genital region. 

In O. austvni Koehler, which is of a delicate habit, like pemohta^ 
there are no furrow spinelets, but at the very base of the ray there 
are abactinal spinelets scattered among the papulae, the well spaced 

7 or 8 costae are quite distinct, and there are only 8 or 4 lateral 
spines beyond the costal region. 

Genus BRISINGA Asbjornsen. 

BrittfH^a Asbjornsen, Famia litt. Norvegiae, 1856, andet hefte, p. 96. 
Type, B. endecacnemos Asbj0rnsen ; Fisher, 1917/, p. 421, figs. 1 and 2. 

Diagnosis. — ^Brisingidae without papulae; with the abactinal skele- 
ton of rays in the form of transverse independent arches separated by 
intervals lacking^ plates (except sometimes microscopic plates carry- 
ing minute prickles) ; with numerous gonads forming a series along 
either side of each ray; with a syzygy or noimiuscular symphysis 
between the first and second adambulacral plates, and between the 
npper end of the second and third adambulacral plates; with a united 
pair of first adambulacral plates, and first marginal plates in each 
interbrachial angle — i plates in all; with the subambulacral spines 
of proximal plates acicular, unmodified; accessory subambulacral 
spine, if present, on adoral half of plate. 

Remarks. — ^In B. trachydisca Fisher the distal ends of the first or 
united pair of adambulacral plates of each interradius are wedged 
apart by the united first marginal plates — or, rather, appear to be. 
In Sars' admirable monograph of Brisinga coronata^ two figures of 
B. endecacnemos (Sars, 1875, pi. 8, figs. 8 and 9) show that the first 
adambulacral plates are not joined so closely as in Brisingenes^ As- 
trostephane, or Stegnobrisinga. But the structure of these inter- 
radiaUy situated adambulacrals and marginals is quite different 
from that of the same plates of BrisingeUa, as may be readily de- 
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termined by examining plate 4, figures 4 and 6 of the same work. 
These figures show the structure of the plates on BrismgeUa coranata 
(G. O. Sars). 

B. trachydisca is the only species of the restricted genus Brimga 
which I have examined. 

In the descriptions of the species of Brismga and of related genera 
a formula has been introduced to denote briefly the adambulacral 
armature. This is useful for a comparison of the armatures of re- 
lated forms or for indicating variations within the species. If a 
transverse line is drawn through the middle of the plate, all the 
spines aborad of the line are listed as the numerator of a fraction, 
and all adorad to the line as the denominator. The spinelets within 
the furrow are each denoted by i, the smaller subambulacral spines 
each by i, and the large subambulacral spine, nearly always single, 
by /. Thus if there is an aboral and an adoral furrow spinlet, one 
adoral subambulacral spine of small size, and the major subambu- 
lacral spine is situated exactly in the middle of the plate (it is veiy 

often aborad of the middle) the formula would read ^-rj + h or 

i + I 
if the large spine is aborad of the middle, ^377* In practice it 

is sometimes hard to decide whether a small spinelet should be classed 
as a minor subambulacral, or as a furrow spinelet; that is, whether it 
should be written i or 1. 



BRISINGA TRACHTDISCA 1 

Plate 145 ; plate 149, fig. 5 ; plate 152, figs. 1, lo-c ; plate 156, figs. 1, la. 

BriHnga trachydUoa FismES, 1916&, p. 81. 

Diagnosis. — ^Rays 13 or 12 ; a multicostate form with the spinelets 
of disk in groups of 2 to 6, spaced like pseudopaxillae; costae 40-45 
very prominent, irregular and sinuous, without intercostal bands of 
pedicellariae, and with relatively coarse spinelets, the costal region 
occupying more than a third of the total length of ray but less than 
one-half; adambulacral plates not crowded; armature with 1 aboral 
furrow spinelet, 1 adoral actinal spine, 1\ to If the length of the 
plate, and 1 prominent actinal spine 8 times the length of plate. 
BajTS slender, very long; breadth of disk equals 4 to 4| times width 
of ray at base. 

Description. — ^Disk moderate, with rounded margin, the abactinal 
surface plane and not much elevated above base of rays; spinelets 
in groups of 2 to 6 on small, spaced, convex plates resembling 
pseudopaxillae; spinelets slightly tapered, sharp, the tip ending m 
several minute points, the base sometimes provided with a minute 
crossed pedicellaria, these scattered also over the intervening integu- 
ment. 
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Kays rather slender, but slightly swollen at base. CJostae 40-45 
occupying more than a third of the total length of ray, but less than 
one-half. They are irregular, compressed, and very prominent, the 
sinuous ridge or summit being armed with comparatively coarse, 
sharp, conical spinelets, their bases flaring, often touching. Some- 
times there are two series of them. The costae are frequently in- 
complete. There are numerous, microscopic pedicellariae on the 
costae, but no bands of them between the ridges, or at any rate only 
rudiments, but these bands occur on the outer part of the ray, be- 
yond the region of the ridge& At the base of the ray there 
are about 6 lateral plates joined, in a series, and the first lateral 
spine, very slender and sharp, is at about the fifth adambulacral. 
The succeeding spines occur opposite every other adambulacral, to 
which the plate is firmly fastened, and are very slender, increasing in 
length .until in the outer part of the costal region they equal in 
length about 6 adambulacrals. 

Adambulacral plates- proximally a trifle longer than wide and 
shallowly excavated toward the furrow. The formula of the arma- 

ture is — r-5 or near the disk —r^ + /• The aboral furrow spinelet (i) is 

about as long as the plate measured in the middle of the actinal sur- 
face; the large actinal spine (/) is slender and sharp and 8 times 
the length of the plate, while tiie adoral actinal spine is 1^ to If the 
length of the plate. A specimen from station 5491 has a few prox- 
imal plates with 2 adoral actinal spines, forming with the large spine 

an oblique series of 3 \-~Tjby ^ infrequent variation is 2 aboral 

furrow spinelets ( —3;-= V The lateral spines are thickly covered 

with a sheath of pedicellariae, while the adambulacral spines are 
somewhat less thickly covered, and tend to be free from them on the 
side toward furrow. 

Mouth plates with a furrow spine extending halfway across mouth 
of furrow, and another at the aboral end of plate; a small actino- 
stomial spinelet just mesad to the base of the former and two-thirds 
its length; at the outer end of plate a large suboral, pointed spine 5 
times the length of plates, invested with a pedicellaria-covered 
sacculus which extends half the length of the spine or more beyond 
the end. Tube feet covered with microscopic lanceolate glands. 

Madreporic body small. The articular surface of the pair of am- 
bulacrals of the disk, where a ray has broken off, is much broader 
above than below, the breadth being about equal to the height, 
measured from the radial water tube* 

Gonads and proximal adambulacral plates as in generic diagnosis. 

Type.— Cat. No. 37020, U.S.N.M. 
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Type-locality. — Station 5491, between Leyte and Mindanao, 786 
fathoms, green mud, coral, bottom temperature 52.8^ F.; 1 speci- 
men. 

Distribution. — ^Philippine Islands, 604 to 772 fathoms. 

Specimens examined. — ^Besides the type, 11, from the following 
stations : 

Station 5215, east of Masbate, 604 fathoms, green mud; 1 specimeo. 

Station 5487, between Leyte and Mindanao, 782 fathoms, green 
mud, bottom temperature 52.8° F. ; 8 specimens. 

Station 5488, same locality, 772 fathoms, green mud, bottom tem- 
perature 52.8'' F. ; 8 specimens. 

Station 5494, same locality, 678 fathoms, green mud and sand, bot- 
tom temperature 58.8° F.; 8 specimens 

Station 5515, Iligan Bay, north coast Mindanao, ^ about 700 
fathoms." 

Remarks. — There are 2 multicostate forms described by Alcockfrom 

the Indian region,B.an<Zama7iica( —Ty +/Vand-B.5rifcnmi i-rri +M* 

having practically the same adambulacral formula as the present 
species, although the description of B. gunnii does not state the lo- 
cation of the smaller actinal spine. The formula might be ( — — + / V 

From B. cmdarriamca^ this species differs in haying more closely 
crowded costae, with strongly, not feebly developed plates, in having 
a longer costal region, in lacMng well-developed bands of pedicd- 
lariae between the costae, in having fewer (12 or 13, not 15) less 
deciduous rays, and a relatively longer minor subambulacral spine 
(the adoral) . B. gwnmi differs in having more numerous rays, much 
thinner disk, which has a downy appearance (spiny in trachydisca)^ 
only 20-80 ridges, especially prominent laterally but becoming in- 
conspicuous or obsolete abactinally, intercostal bands of pedicellariae, 
a much shorter major subambulacral spine (/ of formula), a slightly 
shorter minor subambulacral spine, and mouth plates composed of 2 
incompletely fused abambulacrals, leaving a ^ ligamentous symphysis 
between.'* 

Genus CRATEROBBISINGA Ficher. 

CrateroJfirisinga Fisheb (subgenus), 19162», p. 88; 1917/, p. 024. Type, B, 
panopla Fisher. 

Diagnosis. — ^Differing from typical Brisinga (which it resembles 
in appearance and in the possession of serial gonads, and of closely 
opposed first adambulacral and first marginal plates of adjacent 
rays) in having proximally 2 subambulacral spines of conspicuous 
size, the larger of which (and also sometimes the smaller) has an 
enlarged, modified, capitate, often truncate tip. Costae usually 
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numerous^ and genital region extended; first adambulacral plate, and 
sometimes the first 2, joined to corresponding plate or plates of the 
adjacent ray, or if rays are less than 10, the joined pair of first mar- 
ginal plates may be more or less interpolated between the distal ends 
of the first adambulacral plates. But the first adambulacral plates 
of adjacent rays are never separated to their proximal ends so that 
the mouth plates form the apex of the interradial angle as in 
BrUinffeUa. No matter what the number of rays may be, the first 
pair of marginal plates is closely apposed for the whole length of 
the plate, and, as stated above, their lower sides may be squeezed in 
between the outer ends of the first or interradial pair of adam- 
bulacral plates. When there are fewer than 10 rays these plates 
descend and separate the outer ends of the normally united pair of 
adambulacrals in such a way that the marginals can be seen from 
below. This seems to be a means of strengthening the actinostomial 
ring. A nonmuscular symphysis or syzygy between the first and 
second adambulacral plates, and between the dorsal end of the second 
and third ambulacral ossicles. Adambulacral plates short, with a 
crowded, characteristic armature consisting of an aboral, obliquely 
transverse series of 2 subambulacral spines and 1 or 2 furrow spine- 
lets, and usually also 1 adoral spinelet. The lateral spines and the 
major adambulacral spines are typically long and bristling. Mouth 
plates small, with 1 to 3 suboral spines. 

Remarks. — This genus is not so sharply differentiated as either 
BrismgeUa or Stegnohridnga^ but is readily to be recognized by the 
crowded adambulacral armature and the curiously modified, capitate 
proximal subambulacral spines, which are similar to those of Brmng- 
aster de Loriol. 

The species to be included in this group are : Craterobrisinga pa- 
nopla (Fisher), C. paraUela (Koehler), O. cricophora (Sladen), G. 
alberti (Fisher), C. eucoryne (Fisher), O. andloga (Fisher), C. 
variispina (Ludwig), C. multicostata (Verrill), and probably also 
the aberrant C. evermanni (Fisher). In the last species the proximal 
subambulacral spines are longer and slenderer than is usual in Cra- 
terobrisinga^ and the modified tip is not so heavy as in typical species, 
nor is the adambulacral armature so crowded. The second sub- 
ambulacral spine is frequently quite small and easily mistaken for 
an aboral furrow spinelet, but on certain plates, without any regu- 
larity that I can discover, this inner subambulacral spine becomes 
nearly as large as the outer. On such plates there is usually also an 
aboral furrow spinelet, making 3 in an oblique transverse series, with 
the lateral spine additional, if such happens to be present. These en- 
larged, inner subaihbulacral spines are present on the outer part of 
the costal region and beyond and are not shown in the figures of the 
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adambulacral plates given by me in connection with the ori^nal de- 
scription (Fisher, I9O69 pi. 48, figs. 2, 2a). In these figures only the 
dwarfed inner subambulacral spines are shown. The adoral spindet 
appears never to be present. 



CRATBROBEI8INGA BUCOBTNB ] 

Plate 143, tig, 8; plate 148, figs. 4-6; plate 149, fig. 2; plate 154, figs. Ioh;. 

Brismga (Craterohriainga) eucoryne Fisher, 1916&, p. 33. 
Craterohriainga eucoryne Fisher, 1917/, p. 426. 

Dioffnosia. — Rays 11. Belated to C. aZberti (Fisher). Five or 6 
inconspicuous rudimentary costae at base of ray, followed by 17 to 
20 well-spaced prominent ridges occupying proximal third of ray; 
numerous small integumentary spinelets, and about 8 inconspicuous 
bands of pedicellariae between the costae, which are composed of 
elongate elliptical plates, usually not compressed, bearing 1 or 2 
spinelets in center; disk small, with crowded, rather long, solitary 
spinelets giving a hirsute appearance; -adambulacral plates proxi- 
mally wider than long with crowded armature; first dozen plates 
with also the slenderer of the 2 subambulacrals often truncate and 

slightly flaring; typical formulae — r-+/or . /j./\ > 2 (instead 

of 1) large subambulacral spines characteristic; each mouth plate 
with 2 large pointed suboral spines. Breadth of disk=3i times 
width of ray at base (6 mm.) ; actino3tome=2 times same; height 
of disk=i breadth of ray at base. R=205+mm. r=10.5 mm. 
(small section from tip of ray missing). 

Description. — ^Disk small, with an abrupt rounded border and 
rather prominent, vertical, interradial plates. Disk covered with 
relatively long, solitary, delicate, glassy spinelets, which by reason 
of their thick saccular investment have usually a blunt papilliform 
appearance and give a hirsute appearance to the disk. These spine- 
lets are about 0.75 mm. long, are longest at center of disk, decreasing 
to 0.5 mm. at the margin, and are spaced one-fourth to one-third 
their length. The spinelets are frequently directed toward a com- 
mon center forming conical groups resembling incipient spiniform 
pedicellariae. Scattered among the spinelets are relatively few 
forcipiform pedicellariae of small size. 

Eays relatively short, swollen on the costal region, which occupies 
the proximal third of ray. At the base of ray are 5 or 6 incon- 
spicuous costae, followed by 17 to 20 well-spaced, fairly prominent 
costae, which in the midradial region are almost always distorted in 
some way. The plates composing the ridges are not compressed. 
Each plate is very distinct and is in form a long, slender ellipse, con- 
stricted slightly in the middle where there is a short, upright, slen- 
der, sharp spinelet (sometimes 2). The surface of the plates is 
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usually evenly rounded except for the central boss, and the ends are 
spatulate and overlapping. The integument between the ribs is thin 
and is provided with delicate glassy prickles about half or two- 
thirds the length of the costal spinelets. These are very numerous 
on the proximal third of the costal area, gradually thinning out 
until there are few or none in the last 5 or 6 intercostal spaces. 
There are about 8 very inconspicuous bands of pedicellariae be- 
tween the costae and relatively few pedicellariae on the ridge itself. 
Lateral spines, beginning at about the fourth costa, articulated to a 
small subtriangular plate, which occurs opposite every other adam- 
bulacral, but occasionally opposite 2 consecutive plates. The first 
spine is very short, but they rapidly increase in size, attaining the 
maximum length (12 or 13 mm.) near the end of the costal region, 
where they are as long as 5^ consecutive adambulacral plates, and 
very slender. 
Adambulacral plates proximally wider than long, with a crowded 

i + 1 
armature, which for the first few plates has the formula --r- + I 

on the fourth or fifth plate becoming— j-+/ or ^-1-/+/; then to 

— * — ^^ — • I / ' -A.t either end of the plate pointing across fur- 
row is a slender spinelet, usually a little longer than the plate, but 
if there is an adoral actinal spinule the furrow spinelet is shorter. On 
the actinal surface are 2 large actinal grooved spines sometimes in a 
transverse series at middle of plate, or in an oblique series from the 
inner aboral toward outer adoral comer. The outer spine on the 
first 10 plates has a flaring truncate tip, ending in numerous points, 
which is broadest on the most proximal spines, thence decreasing in 
width as the spine increases in length. The eleventh is usually also 
truncate, but from here on the spines become pointed. The first 
spine is equal to ^ consecutive (short) adambulacrals, the eleventh, 
4^ or 5 (or the first 7 plates of the ray) ; thence the spines become 
slenderer and longer, equaling 6^ to 7 consecutive, longer, adam- 
bulacral plates on the outer part of the costal region. The other 
actinal spine on the first 2 or 8 plates is slender, pointed, and about 
three-fourths the length of the very stout outer subambulacral. From 
the fourth to the twelfth it varies from three-fourths to the length of 
the outer spine, but is slenderer and frequently has a truncate, slightly 
flaring tip, though often also a bluntly pointed one. Beyond about 
the twelfth plate it is two-thirds to four-fifths the length of the outer 
spine, is slenderer than proximally, and always is acicular. A vari- 
able number of plates have an adoral actinal spine, one and a half to 
twice the length of the adoral furrow spine. This species has an 
unusually long secondary actinal spine. Spines covered with pedi- 
cellariae. 
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Mouth plates small. Armature consists of a spinelet at outer 
furrow corner and 2 at the inner, one directed across mouth of 
furrow and the other, which is near median suture, is directed over 
actinostome. These spinelets are a little more than half to three- 
fourths length of plate. The median suture on its outer half is 
abruptly much wider than on the inner half. (2) There are 2 suboral 
pointed spines, heavily sheathed with pedicellariae, one at either end 
of the plate, their bases occupying most of the surface of the plate. 
They are 2 to 2^ times the length of the mouth plates, and they vary 
somewhat in robustness. The inner is a little the larger. Sometimf^ 
the tip is bifid. 

Madreporic body very small and prominent, with a few meander- 
ing striae. The articular surface of the ambulacral plate, at junc- 
tion of ray with disk, unusually small, higher than wide, with a very 
conspicuous suture (broader at the bottom) between the two plates. 

Gonads numerous, serially arranged; interradial pair of adam- 
bulacral plates and first pair of marginal plates all closely united. 

Type.—CdX. No. 37024, U.S.N.M. 

Type-locality, — Station 5848, Palawan Passage, 875 fathoms, coral 
sand, bottom temperature 56.4° F., 2 specimens. 

Distribution. — Known only from vicinity of type-locality. 

Specimens examined. — Besides the types, a fragment of a ray from 
station 5349, near type-locality, 730 fathoms, coral sand; bottom 
temperature 40.6° (identification not positive). 

Remarks. — ^This species closely resembles C. oTberti from the Ha- 
waiian Islands. It differs in having 11 rays which are relatively 
narrower at the base (9 in alherti) ; longer and thicker proximal 
subambulacral spines, the inner of the two being nearly as long as 
the outer on the first 10 or 12 plates, and sometimes also with an 
expanded tip; relatively longer secondary subambulacral spines 
throughout ray; larger suboral spines 2 in number instead of usually 
8; longer disk spinelets; narrower articulation surfaces of ambu- 
lacral plates where the ray joins disk. The differences between this 
and the following species are detailed under C. antdoga^ 



CRATEBOBIUSINGA ANALOOA, mw i 

Plate 148, figa 7, 8; plate 149, fig. 1. 

Diagnosis. — ^Rays 11. Closely related to C. eucoryne^ from which 
it differs in having more numerous costal ridges, which occupy a 
little more than the basal half of the ray, these ridges being also 
more regular, more nearly parallel, and closer together on the swoUen 
portion of the ray ; instead of 5 or 6 rudimentary ridges at base of 
ray, as in eucorynCj there are only 1 or 2 ; disk with slightly diorter 
spinelets. R=235 mm., r=10 tnwi . 
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Description. — ^The disk is very similar to that of eucoryns^ but the 
spinelets are a trifle shorter, a character which may or may not be 
constant The costal region extends a little over half the length of 
the ray instead of a third, and there are about 85 costae, 1 or 2 at 
the base of the ray being incomplete and the last 10 very slender, 
but complete. The costae on the main swollen portion of the costal 
region are closer together than in eucoryne^ more regular, and more 
nearly parallel. Two adambulacral plates, each with a rib opposite, 
are followed by a plate without a ridge; then come two ridges close 
together; then may follow 2 costae opposite alternate plates, and 
so on. There is much variation, but beyond the fifteenth or six- 
teenth costa they occur only opposite alternate plates. The proximal 
lateral spines seem to be a trifle weaker than in eucoryne. 

The adambulacral armature is very similar to that of C. eucoryne^ 
with the exception that there is never an adoral subambulacral spi- 
nule in addition to the adoral furrow spinelet. The adoral furrow 
spinelet in ancHoga is probably really an actinal spinelet moved to 
the furrow margin. The furrow spinelets are a little less to a little 
more than the length of the plate. The second subambulacral is a 
little stouter and more often truncate on the first dozen plates than 
in eucoryne. 

The pedicellariae are similar to those of eucoryne^ but are a trifle 
narrower. 

ry?>«.— Cat No. 87084, IT.S.N.M. 

Type-locality. — Station 6848, Palawan Passage, 375 fathoms, coral 
sand ; bottom temperature, 56.4** F. ; one specimen. 

Distribution. — Known only from the type-locality. 

ReTnarks. — ^The specimen upon which this species is based was in, 
the same bottle with two of C. eucoryne. B. paraUela holds a some- 
what analogous position with reference to C. panopla^ both andloga 
and parallela differing from their near relatives in having more 
regular and more nearly parallel costal arches. B. analoga is at 
once separable from both pcmopla and parcUda in having tegumen- 
tary prickles and much fewer costae. 

Genua BRISINGENES Fisher. 

BriHngenes FiSHia, 1917/, pp. 419, 427. Type, Brisinga mimica Fisher. 

Diagnosis. — Closely similar in appearance to typical Brisinga^ but 
differing in having on the margin of disk, directly over the first pair 
of enlarged ambulacral plates of each ray, a pair of papulae. There 
is thus a circle of these papulae, twice as numerous as the number of 
rays, and the papulae of each pair are separated slightly less than 
the space between the pairs. Gonads numerous, in close series on 
either side of each ray; first adambulacral plate and first marginal 
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plate joined for their whole length to the respective plates of adja- 
cent ray; thus there are 4 closely joined plates in each interradius; a 
nonmuscular symphysis or syzygy between first and second adam- 
bulacral plates and between the dorsal part of the second and third 
ambulacral plates, as in Briainga. 

Remarks. — ^The two species which are included in this genus are in 
most respects closely similar to Brisinga^ s. s., except for the regular 
circle of papulae near the margin of the disk, there being 2 papu- 
lae for each radius. The first pair of adambulacral plates is more 
closely joined than in true Brisinga^ judging by the figure of B, 
endecacnemos Asbj0rnsen, given by G. O. Sars (1875, pi. 7, figs. 8 
and 9.), and the condition of these plates in B. trachydisca. The 
outer ends of the plates tend to radiate apart somewhat, and in the 
second species the united first pair of marginals slips down betwe^ 
them. 

KEY TO THE SPECIES OF BBISINOENBS HEREIN DESCRIBED. 

a\ OoDEfplcuous costae 25 to 80, occupying proximal fifth of ray; pedicellariae 
larger, the proximal serrate edge of each blade inconspicnoiia, semi- 
circular; articular surface of proximal ambulacral ossicles smaller; rays 
16 mimica, p. 518 

a\ Conspicuous costae about 40, occupying proximal fourth of ray ; pedicellariae 
smaller, with the proximal serrate edge of each blade relatively larger in 
proportion to total length of blade and different in form ; articnlar surface 
of proximal ambulacral ossicles larger, the pair being 1.6 times higher than 
broad; rays 14 ^ atichMa, p. 521 

BRISINGENBI MIBaCA (Flthw). 

Plate 147, figs. 8-6 ; plate 149, fig. 4 ; plate 162, figs. 4, 4a-4. 

BriHnga minUca Fishkb, 1916l», p. 82. 
Briaingenes mimica Fisheb, 1917/, p. 427. 

Diagnosis. — ^Rays 16. Costae numerous (25 to 80), closely placed, 
prominent, irregular, with relatively coarse spinelets, without inter* 
vening bands of pedicellariae ; costae confined to basal fifth of raj, 
beyond which for an equal distance are about 16 very inconspicuous 
ridges composed of small plates, but carrying a fairly heavy felting 
of pedicellariae; disk large, with isolated delicate spinelets not in 
groups; adambulacral plates proximally wider than long and 
crowded in appearance; armature typically 1 aboral furrow spinelet, 
1 aboral actinal spinule and 1 longer adoral actinal spine (equal- 
ing 2 plates in length), and 1 major spine about 8 plates in length. 
Rays slender, very long; R=386 mm., r=19 mm. 

Description. — ^Disk large, with rounded borders. The small, 
granuliform abactinal plates, with solitary, delicate spinelets, about 
0.75 mm. long and spaced about their own length, give the abacti- 
nal surface of disk a very finely hirsute or downy appearance. 
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Thickly scattered among the spinelets are relatively large, f orcipi- 
form pedicellariae with very slender jaws. In B. ancMata the pedi- 
cellariae are minute. 

Bays very long, swollen beyond the base by the gonada Promi- 
nent costae 25 to SO confined to basal fifth of ray, beyond which 
for an equal distance are about 16 very inconspicuous ridges com- 
posed of small plates, but carrying a fairly heavy felting of pedi- 
cellariae. The prominent costae are in the form of narrow, elevated, 
irregular ridges, bearing comparatively coarse spinelets, 2 or 3 to a 
plate. No intercostal felted bands of pedicellariae until beyond the 
region of prominent costae, where the bands occur at regular inter- 
vals but are not particularly prominent. Dorsal integument very 
thin. No integumentary prickles. About 5 closely joined lateral 
(or marginal) plates at base of ray, beyond which on the first promi- 
nent lateral plate is a tiny sharp, decidious lateral spine, which in- 
creases rapidly in length until at the outer end of the costal region 
it is about 12 mm. long or 5.5 times the length of an adambulacral 
plate. The lateral spines are opposite every other adambulacral 
plate and proximally their plate forms the base of a costal arch. 
There is also a costal arch between every 2 lateral spines, but these 
have no prominent marginal plates, as do the alternate arches. 

Adambulacral plates crowded; near the disk viewed from the side, 
their height equals 1.5 their length, and width actinally equals 1.25 
times length measured in the middle, or about the length measured 
on furrow margin. Opposite the last prominent costae the dimen- 
sions are relatively nearly the same and it is not until the middle of 
ray that the length begins to exceed the width. The typical formula 

for costal region is — j . Sometimes the formula seems to be 

M + 7 

-J— , because the minor aboral spinule (1) moves furrowward and 

stands close to the true furrow spinelet but even then is usually 
directed at an angle from the latter. The aboral furrow spinelet is 
about 1.25 the length of the plate, the minor aboral actinal spmule 
varying from slightly more to slightly less than the above. The 
large actinal spine equals 3 plates in length and the adoral actinal 

spine 2. On the outer attenuate part of ray the formula is — t— , the 

adoral actinal spinelet having moved fairly into the furrow. On 
some the large spine stands exactly in the middle, the formula then 

being - +1. The spines are aU fluted and richly provided with pedi- 

cellariae, which also occur on the surface of the plate. 

Mouth plates with the following armature: a furrow spine at either 
end of the furrow margin about equal in length to width of com- 
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bined plates at middle; an actinostomial spinelet just mesad to the 
base of the inner furrow spine; at outer ^id of plate a long acicohr 
suboral spine usually joined with its fellow in a common sheaUi 
which is prolonged beyond the tip. All are heavily clad with pedi- 
cellariae. 

Madreporic body very small, on rounded margin of ray. The 
articular surface of the pair of ambulacrals of the disk, where a nj 
has been broken off, is oblong elliptical in form, not oval as in 5. 
traohydisoa^ and the height is equal to 1^ times combined width. 

The pedicellariae are distinctly larger than those of B. anchiita, 
being 0.4 to 0.5 mm. long. In the case of the pedicellariae of the 
furrow spinelets, the proximal serrate portion of the jaw has fewer 
teeth than in cmoMsta^ and is relatively smaller in proportion to the 
length of the jaw (see figures). 

The papulae, gonads, first adambulacral and first marginal plates 
as in generic description. 

Type.— C^t. No. 37021, U.S.N.M. 

Type-locality. —Station 6648, Buton Strait, Celebes (lat. 6*^ 35' S.; 
long. 122° 20' E.) , 559 fathoms, green mud ; bottom temperature 8»i' 
F. 

Distribution. — ^Blnown only from type-locality. 

Remarks. — ^This species differs from Brisvnga ivrndara/m Aloock 
and Wood-Mason in having 16 instead of 13 rays, isolated disk spine- 
lets, not tufts, no intercostal ridges of pedicellariae, more numerous 
costal ridges (13-17 in ifnmlarwnC)^ a small madreporic body, much 
shorter lateral spines {= 5.5 adambulacral plates as against 10 or 12 
in immlarvmi) , somewhat shorter major subambulacral spine, longer 
adoral minor subambulacral spine. If I understand the arrange- 
ments of spines correctly, the formula for iTisularwm, would be 

% -hi 

^3j^+I, which numerically is the same as the most characteristic 

formula of mimioa. B. bengalensis has 14 rays, a small disk, with 
the abactinal spinelets in tufts, 20 costae occupying basal ninth of 
the ray, and intercostal bands of pedicellariae equally salient with 
the ribs. The adambulacral formula is similar to that of mimica^ 
but the minor adoral and aboral subambulacral spines are not half 
as long as their plate, from which it may be surmised that the plates 
themselves are longer than in mimicoj and the aforesaid spines 
shorter. They may also be true furrow spinelets in the sense I haw 
used the term, in which case the formula would be a bit unusual, 

-r+I. Of course the generic position of B. insularum and B. henga- 

lensis is not yet ascertained. 

This species superficially resembles Stegnohrisinga placoderma^ 
which I have placed in a separate genus. The types of both spe- 
cies were taken at the same haul. 
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BHISINGENES ANCHISTA, ■« 

Plate 146 ; plate 153. figs. 3, Sa^d ; plate 154, fig. 4. 

Diagnosis. — Closely resembling B. mimica^ but differing in having 
14 rays, smaller pedicellariae, of which the proximal serrate portion 
of each blade has more numerous teeth, and is of different form; in 
having more numerous and more regular prominent costae, longer 
costal region, longer oral spines at mouth of furrow, longer mouth 
plates, and decidedly larger articular surface to the ambulacra! plates, 
where ray is detached from disk. Adambulacral armature typically 

— y . Breadth of disk=4J times width of ray at base; actino- 

8tome=3 times same; height of disk=breadth of ray at base. B= 
360+mm., r=19 mm. (tip of ray missing). Rays, 14. 

Description. — ^Disk covered with fine spinelets, 1 to a plate, spaced 
about their own length (0.5 mm.) apart and decreasing very slightly 
in length toward the center of disk. Many of the spinelets have a 
small pedicellaria attached to them, distinguished from those of S. 
placoderma and B. miwdca by difference in form and smaller size. 
The margin of disk is rounded and at the base of each ray, on this 
rounded border, are a couple of prominent papulae. 

Hays long, distally slender, swollen beyond the base into a de- 
pressed genital region. The difference in the costal region between 
vdmica and anchista is not great, but easily discernible, especially if 
the rays are placed side by side. In anchista there are about 40 
prominent costae which occupy the proximal fourth of the ray, and 
in addition there are about 10 or 12 very slender ridges beyond these. 
The costae are straighter; that is, less sinuous, as a rule, than in 
mindca^ and the inconspicuous distal costae are fewer and occupy 
less space. There is little, if any, difference in the structure of the 
ridges themselves. In a few of the proximal intercostal spaces are 
single rudimentary bands of pedicellariae. Usually the intercostal 
spaces are without such bands. There is a subtriangular marginal 
plate opposite every other adambulacral; and opposite each inter- 
vening plate is a costal ridge which has no enlarged lateral plate and 
usually does not touch the adambulacral. The first lateral spine is 
opposite about the fifteenth adambulacral plate and only 1 mm. long. 
At the end of the region of prominent costae they are about 10 mm. 
long, or the length of 4 consecutive plates; opposite the last rudi- 
mentary rib they are 16 mm. long or &| adambulacral plates in length. 
They have a heavy membranous investment. 

Proximal adambulacral plates wider than long with an armature 
very similar — almost identical — to that of B. mdmica. The typical 

i'\- i -f-/ 
formula ia — ^ — • The principal variations are occasionally an 

— 2 — )f or the aboral 
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spinule moves nearer the furrow spinule, so that the formula is more 

properly — y— • The aboral furrow spine is a little longer than the 

chord of the furrow margin and slightly longer than the adjacent 
subambulacral spinule. The adoral subambulacf al spine is usually 
about two plates long, measured in the middle of the actinal sur- 
face. The major spine is rather short, being 2 to 2i plates in length 
at base of ray, and 3 at the end of the costal region. The saccular 
investment of the spines is conspicuous, often forming a wide flange 
or sheet of tissue. Sometimes several major subambulacral spines are 
joined together by their sacculi (by means of pedicellariae) so that the 
spines appear to be merged in an actinolateral membrane. 

The mouth plates are longer than those of mimica and the spme 
which is directed across the mouth of the furrow reaches the other 
side, being longer and stouter than in mirmca. There is a short 
actinostomial spinelet and a short aboral furrow spinelet. The slen- 
der, acicular, suboral spine stands at the extreme outer end of the 
plate and is usually invested in a common sacculus with its fellow, as 
shown in the figure. 

Madreporic body on the margin, rather small, and surrounded by a 
zone of plates free from spinelets. The articular surface of the am- 
bulacral plates, where a ray has been broken from disk, is unusually 
large, the height of the pair being IJ times the width, and about l{ 
times that of the same structure in B. rrdmica (the disks are almost 
exactly the same size). The figure will best show the exact form. 

Gonads, first adambulacral plates, and first marginal plates as in 
generic diagnosis. 

Pedicellariae are best recognized from the figures. They are every- 
»Yhere smaller than in B. mimica. A disk pedicellaria is about 0.25 
to 0.28 mm. long (0.45 mm. in mimdca) and the proximal serrate por- 
tion is longer in proportion to the length of the jaw. In the case of 
the pedicellariae from the furrow spinelets, the difference is even 
more noticeable (0.22 to 0.27 mm. in length, with more numerous 
teeth in the serrate portion). Compare, also, figures of pedicellariae 
from marginal mouth spines. 

Type.—CsLt. No. 37033, U.S.N.M. 

Type-locality.— SteitioTi 5648, Buton Strait, Celebes (lat. 5^ 35' 
S.; long. 122** 20' E.), 559 fathoms, green mud; bottom temperature, 
89.2^ F. 

Distribution. — ^Known only from the type-locality. 

Rem/irka. — ^This species might easily be confused with B. mimca, 
and superficially it greatly resembles also Stegnohriainga placo- 
derma. The types of all three were taken at the same haul, and loose 
arms were thoroughly mixed together. In the absence of diakB^ 
B. anchista may be distinguished from B. mdmdca by the size and 
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form of the pedicellariae, and by the more numerous prominent 
costae. The other differences have been fully detailed in the diag- 
nosis and description. (See also the key.) 

Genus BBISINGELLA Fisher. 

BriHngeUa Fzbhbb, 1917/, pp. 423, 427, figs. 5 and 6. Type, BriHnga fragUia 
Fisher. 

Diagnosis. — ^Differing from typical Brismga in having only one 
gonad on either side of each ray ; in having the first adambulacral 
plate separated from that of the adjacent ray by the outer ends of the 
combined mouth plates; in having the interradial pair of marginal 
plates joined only by the adoral ends, and forming a Y -shaped struc- 
ture with the unpaired interradial plate. Kays slender, usually very 
deciduous, a nonmuscular symphysis or syzygy uniting the first and 
second adambulacral plates, and the dorsal part of the second and 
third ambulacral plates; adambulacral plates longer than broad, with 
few or no furrow spinelets, and a sharp, unmodified, subambulacral 
spine; integument of disk thin, weak; mouth plates small, with small 
suboral spine; entrance of furrow from actinostome broad. 

Remarks. — ^This genus includes a number of species of the old genus 
Brisinga which are very distinct from the type, B. endecacnemos. 
They are outwardly distinguishable by the delicate rays which are 
very deciduous, by the delicate dorsal skeleton, both of disk and of 
rays, by the thin disk, and more definitely by the fact that the first 
adambulacral plate is not united with its neighbor of the adjacent 
ray, but is separated by the outer end of the combined mouth plates. 
Correlated with this the first marginal plate" is not joined to its 
vis-i-vis, as in typical Brisijiga^ forming thus a pair of plates, snugly 
apposed, above the closely apposed first adambulacrals. But instead 
they join only by their adoral or inner ends, and with the interradial 
plate form a Y-shaped structure, the two arms of which represent 
the first marginal plates, while the acute angle represents the inter- 
brachial angle boimded by these plates. If the lateral face of a disk 
which has lost several rays is examined it will be noted that the rays 
have broken at the syzygial or nonmuscular symphysis between the 
first and second adambulacral plates. In Brisinga one sees 2 distal 
facets close together and immediately above them 2 smaller, usually 
unequal, closely joined facets — the distal ends of the first marginal 
plates. The 2 lower (adambulacral) facets are slightly spaced. In 
Brisingella the adambulacral and marginal plate of each ray are 
joined, the latter above the former, but never those of adjacent rays. 
Always the interbrachial angle or sinus extends to the proximal end 
of the plates and keeps those of adjacent rays»apart. 

More important still, in Brisinga the gonads are numerous in each 
ray and form a series of independent bodies along either side of the 
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genitftl region. In BrismgeUa there are always 2 gonads to each ray, 
and although they may be branched each gonad has but a sin^e 
aperture on the side of the ray at a little distance from the base (see 
Sars, 1876, pi. Ijfig. 12a). 

BriHngeUa includes the following species: B. fragilie (Fisher), 
B. coronata (G. O. Sars), B. exiUs (Fisher)), B. pudUa (Fisher), 
B. tenella (Ludwig), and probably the following species described 
by Sladen; B. vertidUata^ B. amUUata^ B. disoincta^ and B. mem- 
hTtmacecu B. mediterranea (Perrier) probably belongs in this genus, 
although the gonads are not described. 

In his paper entitled Researches on the Structure and Affinity of 
the Genus Brisinga, based on the study of a new species, Brisinga 
coronata, George Ossian Sars describes and beautifully figures the 
anatomy of BrismgeUa coronata and Brisinga endecacnemos. The 
former is a typical BrisingeUa^ and the special differential charac- 
ters are clearly shown on plate 3 (several figures of the gonads in 
situ and removed) and plate 4, figures 4, 5, 6 (characters of first 
adambulacral, marginal, and interradial plates) ; plate 5, figures 1, 
2, 11, 12, 15 (same ossicles). For comparison, plate 7 of the same 
work is valuable, as the serial gonads (fig. 18) and the plates of the 
actinostomial ring and base of rays (figs. 2, 5, 8, and 9) of Brisinga 
endecacnemos are clearly shown. Figure 18 may be compared with 
figure 4, plate 3; figure 7 with figure 1, plate 4; figures 8 and 9 with 
figures 4, 6, and 5, of plate 4. 

BRISmCELLA FBAGUIS (Flahcr). 

Plate 166, figs. 8, 8a. 

BrMnffa fraffilU Fishes, 1906, p. 1116, pi. 46, fig. 1; pi. 48, figs. 3, Sohx 
BriHngella fraffUis Fishxb, 1917f, p. 428, figs. 6 and 6, p. 427. 

One specimen from station 5128, east of Mindoro, 288 fathoms, 
green mud ; 8 detached rays, only. 

There is no disk, so that the number of rays can not be ascertained. 
The secondary costae are almost obsolete as in variation A described 
and figured in the above citation. There seems to be only 1 (adoral) 
furrow spinelet throughout the ray, and 1 comparatively small 

subambulacral spine, the formula being — . - or -r + /. In typical 

fragilis the first few adambulacral plates have an aboral furrow 

1 + 7 
spinelet thus .— , this extending a variable distance along the ray 

in the varieties. The pedicellariae of the Philippine specimens are 
like those of the Hawaiian. 

Type-locality. — Station 8824, south coast of Molokai Island, Ha- 
waiian Islands, 222-498 fathoms, coral rocks, broken shells. 

DistribtUion. — ^Hawaiian and Philippine Islands, 263-^387 fathoms. 
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Genus ASTROSTEPHANE Fisher. 

Aitrostephane Fisheb, 1017/, pp. 421, 422, figs. 8 and 4. T3rpe, Briiinga 
moluceana Fisher. 

Diagnosis. — Differing from typical Brisinga in having but 2 
gonads to a ray, and the proximal adambulacral plates longer than 
high, as in BrisingeUa. In appearance, especially that of rays, closely 
resembling BrisingeUa^ but differing in having the first adambulacral 
plate tightly joined for its whole length to that of the adjacent ray, 
and in having directly above these a closely joined pair of first mar- 
ginal plates, as in Brisinga^ Craterobrisinga, Brisingenes^ and Stegno- 
brisinga; in having very prominent suboral spines bent at the base 
so that they extend horizontally into the actinostome. A nonmuscu- 
lar joint or syzygy between the first and second adambulacral plates 
and between the upper part of the second and third ambulacral 
plates; costae thin, well spaced; intercostal integument without 
spinelets and rather delicate; only 1 subambulacral spine; gonads 
large, with numerous lobes emptying by a single aperture just above 
the ambulacral plates, a little over 2 r from the base of ray; disk 
with close-set, small spinelets. 

Remarks. — ^It seems probable that this genus is more nearly related 
to BrisingeUa than to Brisinga. Fortunately, there are two very 
distinct species, so that the characters given in the diagnosis as of 
generic value 9.re probably reasonably accurate. 

If it is contended that the condition of the interradial pair of 
adambulacral plates, whether separated (BrisingeUa, Astrolirus) or 
miited {Brisinga^ Craterobrisinga, Stegnobrisinga, Astrostepham) , 
is dependent upon the number of rays, it may be stated that A. 
acanthogenysj with 11 rays, has the plates as tightly joined as A. 
moluceana, with 16 rays. In BrisingeUa, where this interradial pair 
of adambulacrals is separated by the outer end of the combined 
mouth plates, so that they do not touch by the lateral faces, the first 
marginal plates have a different relation, also. They form a ;^ 
with the unpaired interradial plate, each arm being applied to the 
upper edge of the first adambulacral plate, and the angle of the f^ 
bemg that of the interradius. In Graterohrisinga alberti (Hawaiian 
Islands), which has 9 rays (less than in BrisingeUa fragUis), the 
mouth plates do not separate the first or interradial pair of adambu- 
lacrals as might be expected if the number of rays only determined 
the characteristic structure of the interradial angle of BrisingeUa. 
The proximal part of the plates in alberti are normally joined, and 
the closely apposed first pair of marginals has slipped down between 
the outer ends of the adambulacrals, cementing firmly the ring of 
plates. There is no hint of the separation of the marginals to form 
the X of BrisingeUa! 
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KIT TO THB SPBCXBB OF ASTB081BPHAMB HBBBIN DBSGEIBBD. 

a\ Rays 16, with prominent, complete costae and 1 to 8, usually 8, oonspica- 
ous Intercostal bands of pedlceUariae ; disk medium sized, with abmptly 
rounded (not beveled) margin; actlnostome relatively very large; 1 snb- 
oral spine to each mouth plate; disk plates with solitary spinelets only; 
lateral spines equal in length to 5 or 6 consecutive adambulacral platei; 

adambulacral armature Vr^ or ^4^ moluccana, p. 528. 

a\ Bays 11, with about 20 complete prominent costae and 1 complete and 1 or 2 
incomplete bands of intercostal pedlceUariae ; disk decidedly small, with a 
beveled margin ; actlnostome relatively small ; 2 large suboral spines to 
each mouth plate; disk plates with 1, 2, and 8 small spinelets in about 
equal numbers ; lateral spines equal in length to 7 or 8 consecutive adam- 

bulacral plates ; adambulacral armature jxj acanthooeny$j p. 52S. 



ASTBOSTEPHANB MOLUCCANA ] 

Plate 147, figs. 1, 2 ; plate 149, fig. 3 ; plate 154, figs. 2, 2ar-c ; plate 156, figs. 2, 2a. 

Britinga moluocana Fisher, 1916&, p. 82. 

Astrostephane moluocana Fisher, 1917/, pp. 421, 422, figs. 8 and 4. 

Diagnosis. — Bays 16. Costae 25, complete, prominent, well-spaced, 
with 1 to 3 intercostal bands of pedicellariae; costal spinelets rela- 
tively coarse; disk medium, with isolated, papilliform, small spine- 
lets, and minute pedicellariae; adambulacral plates about as wide 

as long, proximally; armature typically —r^ or — t^« Costal area 

swollen, occupying somewhat more than basal third of ray; integu- 
ment thin, devoid of prickles. Breadth of disk=5 times width 
of ray at base (6 mm.) ; actinostome=3i times same; height of 
disk=breadth of ray at base. B=410 mm., r=15 mm. (ray perfect, 
with long attenuate extremity). 

Description, — ^Disk medium sized, with abruptly rounded margin; 
abactinal integument fairly thin. The spaced, granulif orm abactinal 
plates each with 1 papilliform spinelet about 0.5 mm. long, or less, 
the calcareous part of which is delicate and sharp. The investment 
gives the spinelets a stubby cylindrical form; some appear to be 
scarcely longer than granules. Around the base of each are 6 or 6 
very minute pedicellariae. The spinelets around the anal aperture 
are longer than the others. 

Bays swollen throughout costal region, which occupies more than 
a third and less than a half the length of ray. Costae, about 25, very 
prominent, well spaced (for half or a third width of ray). They 
are all complete, being opposite alternate adambulacrals and are 
frequently bent or bowed aborad. Between them are from 1 to 3, 
usually 8, broad, conspicuous bands of minute^ pedicellariae, which 
are continued beyond the costal region, slightly more frequently than 
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1 to each adambulacral plate. The membrane between the ridges is 
thin and without integumentary ^prickles. The costae are com- 
pressed, higher than thick, and along the summit is a row of com- 
paratively coarse, conical spinelets (one-third to one-half total height 
of the ridge), spaced in twos and threes. First lateral spine, usually 
at second complete costal ridge, acicular, sharp, equal in length to 
1^ or 2 adambulacral plates. On the outer third of the costal area 
the spines are equal in length to 6 consecutive adambulacral plates 
(12 mm.) and increases to 6 at the beginning of the distal third. 

Adambulacral plates of costal region about as long as wide. The 
armature consists of a true furrow spine at either end of the plate 
and equal to about two-thirds length of plate; aborad and actinad 
to the adoral spine is a slightly shorter one, generally pointed away 
from the furrow; the large actinal spine, equal to 2 to 3 plates in 
length, is situated on the aboral half of the plate. The formula is 

■^jj but on the outer half of ray is - -f/, the small adoral second 

spinelet disappearing, while the large actinal spine moves to the 
middle of the plate. The distal plates are also longer than wide, 
as is generally the case. On some of the proximal plates the formula 

would stand -rr^ . The spines are incased in a sheath armed with 

minute pedicellariae. 

Mouth plates small, with 1 spine at each end of the excavated 
furrow margin, nearly as long as the plate. The inner of these two 
is strongly bent at the base. Just mesad to it is a small actinostomial 
spinelet, about half its length. The suboral spine, fluted and sharp, 
is strongly bent at the base, so that with ite fellow it is pointed 
horizontally across the actinostome. The pedicellariae are grouped 
along one side only of the spines, and the sheaths are thin. 

Madreporic body convex and prominent, 1.5 mm. in diameter. On 
the adcentral border is a conspicuous, nearly naked area composed 
of 7 plates. The articular surface of the ambulacrals, where a ray 
has been broken oflF, is about as broad as high, and the scar of each 
plate is ovoid in outline, the lower ends being bent away from each 
other. Gonads, first adambulacral plates, first marginal plates as in 
generic diagnosis. 

Type.—C2it No. 37022, U.S.N.M. 

Type'laealUy. — Station 5626, between Gillolo and Kayoa Islands, 
Molucca Islands, 265 fathoms, gray mud, fine sand ; 1 specimen. 

Distribution. — ^Vicinity of Celebes and Molucca Islands, 265 to 
559 fathoms. 

Specimens examined. — ^The type and 1 arm from station 6648, 
Buton Strait, Celebes, 559 fathoms, green mud ; bottom temperature, 
39.20 F. 
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RemarhB. — ^This species has more numerous rays than any of the 
4 species described by Alcock, none of which have isolated spinelets 
on the disk, nor a similar adambulacral armature formula, with 2 
furrow spinelets adorally. Cr<Uerohrmnga evermanru Fisher of 
the Hawaiian Islands resembles the present species but differs in hav- 
ing 16 rays, no adoral furrow spinelet( formula — or — - — j 

very much slenderer and shorter suboral spines which are not bent 
at the base; only a rudimentary aboral marginal mouth spinelet, or 
none. The superficial appearance of the rays is very similar, but 
the ray of moluccana is more depressed and relatively broader than 
is usual in evermcmni. The condition of the gonads and first fev 
subambulacral spines is quite different in the 2 species, as their 
generic position indicates. 



A8TB0BTBPHANB ACANTHOGENT8 

Plate 148, figs. 1-8; plate 153, figs. 1, IcME. 

BrMnga aoanthogenys Fishkb, 1916&, p. 88. 
AstrostepTiane aoanthogenys Fisher, 1917/, p. 421. 

Diagnosis, — Rays 11. Costae 20, complete, prominent, well-spaced, 

with 1 complete and 1 or 2 incomplete bands of intercostal pedi- 

cellariae; costal spinelets fairly prominent, few in number; disk 

small, with beveled margin ; plates granulif orm, spaced, with usually 

2 or 3 very small spinelets, but no pedicellariae ; lateral spines long, 

equaling length of 7 or 8 adambulacral plates; no integumentary 

prickles on rays; adambulacral plates about as wide as long proxi- 

i + I 
mally; armature proximally ~\rjf mouth plates with 2 suboral 

spines. Breadth of disk=3i times width of ray at base (6 mm.), 
actinostome=21 times same; height of disk= three-fourths breadA 
of ray at base. R=350 mm. (complete ray), r=ll mm. 

Description. — ^Disk small, the abactinal surface scarcely at all 
raised above abactinal surface of ray; margin beveled. The tiny 
granulif orm platelets bear 1 to 3 extremely small, delicate, and sharp 
spinelets, which by reason of their membranous sheaths appear to 
be rather robust, tapering, and pointed. In the central part of the 
disk they are 0.26 to 0.3 mm. long, decreasing gradually toward the 
border, and are spaced about one-half to their own length; pedicel- 
lariae seem to be lacking. 

Costal region swollen, occupying not quite one-third length of ray. 
Costae 20, complete as a rule, except in the case of the first 2 or 8; 
well spaced, prominent, fairly straight, and armed rather sparsely 
with sharp conical spinelets, about half as high as the ridge. The 
ridges are spaced a distance equal to three- fourths to once the width 



Digitized by LjOOQ IC 



3TAB7ISHES OF THE PHIUPPIKE SEAS. 529 

of ray at base, and midway between them is a broad band of micro- 
scopic pedicellariae, with an incomplete band on either side of this, 
proceeding from the adambulacral plates a variable distance toward 
the median line. The costal ridges are also covered with pedicella- 
riae, and beyond the costal region the broad bands occur quite regu- 
larly opposite each lateral spine, with 1, rarely 2, between; hence 
1 opposite each adambulacral plate. Lateral spines very prominent 
and longer than in A. mohicca/naj which this species resembles. The 
first spine, at the ends of the second or third rib, is quite short, 
slender, and sharp. The succeeding spines often stand out rigidly 
from the sides of the ray and occur regularly above every other 
adambulacral plate articulated to a prominent boss of the lateral 
plate. They attain their full length in the distal half of the costal 
fegion, where they are about 20 mm. long, or the length of 7 to 8 
consecutive adambulacral plates. 

Proximal adambulacral plates, viewed from the side, are distinctly 
lower than long, and they are a trifle longer than broad. On account 
of the adoral furrow spine, the margin appears deeply excavated. 
The adambulacral armature consists of 1 true furrow spinelet at each 
end, nearly as long as the plate, 1 adoral minor subambulacral 
spinule a little longer than tJie plate, and a major subambulacral 
spine situated on a prominence of the aboral half of the plate. It is 
equal to 3^ or 4 adambulacral plates in length and forms an oblique 
series with the subambulacral spinule and the adoral furrow spine- 

let. The formula is -^^7^. On the outer part of the ray it is ^ — 

or - + /. This armature resembles that of A, moluccana. but the 

actinal spinule is farther from the furrow and longer. The lateral 
and adambulacral spines have a thin feltiug of pedicellariae which 
are usually lacking on the side of the spine nearest furrow in the case 
of the big spines. 

The armature of the mouth plates is as follows : Directed over the 
furrow at either end of the plate is a slender furrow spine, and mesad 
to the inner one a little actinostomial marginal spine about half as 
long; in the middle of the actinal surface is a tapering, sharp, glassy 
tipped suboral spine about 2^ times the length of plate and sheathed 
with membrane covered with pedicellariae. Between this and the 
outer end of the plate there is usually a second subambulacral spine, 
varying from slightly more than the length of the plate to the size 
of the primary suboral. The suboral spines are usually bent over 
the actinostome. 

Madreporic body circular, very prominent but flat-topped, with 2 
nearly equal, naked or only slightly armed plates on its inner border. 
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Articular surface of the ambulacral plates at junction of ray with 
disk considerably broader than high. Each scar is rather oval in 
contour, and the lower ends do not diverge very markedly from the 
median vertical suture. Gonads, first adambulacral plates, and first 
marginal plates as in generic description. 

Type.—CeLt. No. 87023, U.S.N.M. 

Type-ZocciLity. — Station 5440, mouth of Lingayan Gulf, Luzon, 172 
fathoms, fine gray sand, globigerina, bottom temperature, 53.2® F.; 
1 specimen. 

Diatrihuiion, — ^Known only from the type-locality. 

Remarks. — ^This species resembles A. moluccana^ but has only 11 
rays, a much smaller disk with a beveled border, and 1 to 3 minute 
spinelets to each plate of the disk, instead of only 1, no abactinal 
disk pedicellariae, much longer lateral spines, and the minor sub- 
ambulacral spinule is larger, as well as further from the adoral 
furrow spinelet. There are 2 suboral spines, relatively larger than 
in molucccmd. 

Genus STEGNOBRISINGA Fisher. 

SteffnolnHHnga Fishes (subgenus), 19165, p. 33; 1917/, pp. 423, 428. Type, 
Brisinga (8tegnobri9inga) placoderma Fisher. 

Diagnosis, — ^Resembling Brisinga in general appearance, and espe- 
cially in having definite transverse skeletal ridges, or costae, on the 
genital region, but differing in having the integument between the 
costal arches of ray strengthened by many close-set, mostly contigu- 
ous or sometimes overlapping, papery, spineless plates of irregular 
form, completely filling the interspaces; in having 2 gonads to each 
ray. Proximal subambulacral spines acicular; first adambulacral 
plate and first marginal plate joined for their whole length to the 
respective plates of adjacent ray; thus there are 4 closely joined 
plates in each interradius ; a nonmuscular symphysis, or syzygy, 
uniting first and second adambulacral plates and between the upper 
parts of the second and third ambulacral plates, as in Brisinga. 

Remarks. — ^The numerous prominent costae will at once separate 
this genus from FreyeUa and Freyellaster, while the number of gon- 
ads, 2 to a ray, is an added distinguishing feature so far as Freyd- 
Taster is concerned. The structure of the first adambulacral plates^ 
and the presence of proximal marginal plates will sharply distinguish 
Stegnohrisinga from FreyeUa. 

The genus Astrolirus^ type Brisinga panam^nsis Ludwig, differs 
from Stegnohrisinga in having the first adambulacral plates and first 
marginal plates arranged as in BrisingeUa^ and in having slenderer 
adambulacral plates, which proximally are not higher than long. 
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8TBGNOBBI8INGA PLACODBBXA (FUwr). 

Plate 150 ; plate 158, figs. 2; 2th-d. 

Brisinga (SieffnobrMnga) plaooderma Fisher, 19162>, p. 34. 
Diaffnosis. — ^Rays 18 or 14. Costae 85-40, close together, and not 
very prominent; tiie intercostal areas paved with close-set, irregular, 
often overlapping, papery plates devoid of spinelets; costal arches 
fairly regular and parallel, opposite every adambulacral, or occa- 
sionally more frequent, but only every third to fifth with a lateral 
spine; disk with beveled border and with close-set isolated spinelets 
and conspicuous slender-jawed pedicellariae ; adambulacral armature 

variable ; in type usually — tt- or — rr- ; subambulacral spine equal 

to about 2^ or 3 adambulacral plates in length. Breadth of disk= 
^-4 times width of ray at base (8 mm.) ; actinostome=2J times 
same; height of disk=seven-eights breadth of ray at base. R=370-f- 
mnL, r=17 mm. (small portion missing from tip of ray). 

Description. — ^Disk moderately large, with a beveled border of 
conspicuous width, the central area sunken a bit and plane. Plates 
of disk small, subcircular, or irregular, and convex. Each plate 
bears a single, central, sharp, tapering spinelet, which from being 
sheathed in membrane has a papilliform appearance. These spine- 
lets are about 0.5 mm. long and are spaced about their own length 
apart In the type about a third of the plates bear also a relatively 
large slender-jawed pedicellaria, about as long as the spine, and 
attached to the plate by a slender, short stem. In the cotype these 
pedicellariae are nearly as numerous as the spinelets and are a 
little larger than those of the type. 

Rays very long, swollen for a distance from base equal to a little 
over twice diameter of disk. Costal region proper extending about 
3 times diameter of disk from base, which is also about the extent 
of the area paved with plates. This is less than a fourth the length 
of ray, but none of the rays is quite complete. For a little over 
twice the diameter of disk from base of ray the costae, 85 to 40 in 
number, are close together and fairly regular, 1, occasionally 2, oppo- 
site each adambulacral plate. The lateral spines occur only at the 
ends of every third to fifth arch — ^that is, with 1 or 2 adambulacral 
plates between them. The arches corresponding to the lateral spines 
are more prominent than the others, especially laterally. Some of 
the intermediate arches are rudimentary or incomplete in the mid- 
dorsal region. The costal plates are irregularly elliptical or some- 
times have short lateral lobes by which they are joined to the inter- 
costal plates. Costal spinelets short, slender, tapering, sharp, all but 
hidden in alcoholic specimens by the thick felting of slender- jawed 
pedicellariae. The intercostal spaces are paved with thin overlap- 
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ping paperlike plates irregular in form. Near the end of the costal 
area they tend to thin out first midway between 2 costae, and at the 
end of the costal area there is a transverse band of thin, unarmed 
integument between the costae, interrupted in the specimen from 
station 5274 in the middorsal region, where the thin plates extend 
beyond the costal area proper for a distance equal to 1^ disk 
diameters. 

The plates of these rays, which have a very swollen costal area, 
are very slightly spaced ; but aside from this the plates of the speci- 
men from station 5274 are more closely crowded, which is due to their 
larger size rather than greater numbers. At base of ray there is a 
row of about 7 closely placed lateral plates. First lateral spine 
about 1 disk diameter from base; at outer end of costal area they 
average 4} consecutive adambulacral plates in length and at about 
twice the length of costal area from disk 6^ or 7 adambulacral plates 
(16-18 mm.) in length. 

Adambulacral plates of costal area wider than long and, viewed 
directly from the side, very nearly as high as long. The armature is 
somewhat variable, but for the proximal part of the ray is usually 

either ^ — or ^j — The furrow spinelet at either end of plate 

(about as long as the plate, or the adpral a little shorter) is accom- 
panied by a second subequal spinelet, obliquely actinad, which com- 
ports itself more like a furrow than an actinal spinelet. The adoral 
one, however, is often bent away from the furrow, and the formula 

might be written -^^-rj or ^-^7 • Some plates have » — » and in the 

type afew .» . ^.iv - The subambulacral spine is, when fully devel- 
oped, 2^ to 3 adambulacral plates in length and rather less than half 
the length of the corresponding lateral spine. The lateral and adambu- 
lacral spines are thickly covered with pedicellariae, which are lacking 
on the side of the large subambulacral spine toward the furrow. 
The furrow spinelets have relatively large pedicellariae. In the 

specimen from station 5274 the plates have a variable armature ^ 

ii+I J - ,, i + I , . .ii + I 

or -. and frequently -- — * but not -r^ — • 

Mouth plates small, each with a long needlelike suboral spine ^ 
to 4^ times as long as the plate and very heavily sheathed. On some 
mouth plates the sheath seems to be common to 2 spines, and is 
always very thickly covered with pedicellariae. There are 8 marginal 
spinelets, 1 about as long as the plate at the outer end and another at 
the inner end, directed across furrow, and 1 slightly shorter on the 
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actinostomial margin. These carry numerous slender- jawed pedi- 
cellariae. 

Madreporic body prominent, flat-topped, with numerous, rather 
coarse, interrupted, sinuous furrows. The articulation surface of 
the ambulacral plates at junction of ray with disk is about as broad 
as high, equally broad at top and bottom and with a prominent 
median suture. 

Type.— Chi. No. 37025, U.S.N.M. 

Type-locality. — Station 5648, Buton Strait, Celebes, 559 fathoms^ 
green mud, bottom temperature 39.2*' F.; the type-specimen and 2 
incomplete specimens. 

Distribution. — China Sea, off southern Luzon, and Buton Strait^ 
Celebes, 525 to 559 fathoms. 

Specimens exarmned. — In addition to the types, rays without a 
disk from station 6274, China Sea, vicinity of southern Luzon, 525- 
fathoms, gray mud and sand, bottom temperature 41.3® F. 

Remarks. — Brisinga gracilis Koehler, from the Bay of Bengal,, 
east of the Andaman Islands, resembles this species in having plates 
between the costae and at the base of the ray before the costae com- 
mence, but they bear spinelets. Koehler does not state that the plates 
are close together nor unusual in number, as in the case of the present 
species. However, in gracilis the costae begin at a distance from the 
disk and the '^ plates which were invisible on the dorsal surface of 
the disk become distinct on the rays; they are irregular, roundish, 
and bear each a little conical spinelet, rough and pointed, broader at 
the base and shorter than those on the disk." (Koehler, 1909, p. 
115.) In typical Brisinga the spaces between the costae are either 
free from plates or have embryonic spaced platelets which bear each 
a minute spinelet or prickle, but which do not form an armor such 
as exists, in a more perfected form, in Freyella. 

KBY TO THE INDO-PACIVIC 8FSCIS8 OF BBISIKOA AND BlUSINOA-LIKB OBMBBA. 

In the following more or less artificial key I have not been able to 
assign the species described by Alcock and Wood-Mason to the newer 
genera described by me. They have been listed as Brisinga. 

a\ Intercostal Integument of proximal part of ray thin, with or without rudi- 
mentary spaced plates bearing a minute spinelet ; proximal subambulacral 
spines acicular, not broadened into a more or less truncate capitate tip. 
^\ Intercostal membrane without integumentary prickles. 
<^. Plates of disk each with a group of several spinelets. 
d*. Costae numerous — more than 30. 
e^. Costae dose together, very prominent, without intercostal bands of 
pedlcellariae ; rays 12 or 13; disk moderate, with rounded margia 
and spinelets in groups of 2 to 6 resembling pseudopaxiUae ; adam- 

bolacral annature -—^ or ^^^-f J. Brisinga trachydisea Fisher.. 

13434— Bull. 100—19 35 
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e*. Costae spaced with 1 or more intercostal bands of pedicellarUe; 
rays, 16. 
f, Costae 45, feebly developed ; in addition to the large snbambulacnl 
spine (4 times the length of its plate), an aboral apophyslal 
furrow spinelet, and 1 adoral, not so deep in furrow. 

Bri9inga andamanioa Alcock and Wood-Msaon. 

f. Costae 80 to 85, mostly complete, prominent though compreand 

and narrow ; in addition to the large subambulacral sploe (4i 

consecutive plates in length), 1 minor aboral subambulaotl 

spine, and sometimes an aboral apophyslal furrow splnM 

normulas or ~- or V The proximal sob- 

ambulcral spines are slightly modified, with a truncate tip. 

CraterohriHnga evermanni (Fisher). 

<f*. Costae less than 80, alternating with 1 or more intercostal bands of 

pedicellariae. 

e^. Disk large with vertical edge; rays 18, not very deciduous; oostae 

13 to 17, very salient; splnelets of disk coarser; adambulacnl 

armature -^ + J, the minor subambulacral spinelets being on 

furrow margin, and small major subambulacral q>lne 4 to 5 tinm 

length of plate BriHnga inttUarum Alcock and Wood-Masoo. 

€*. Disk small with beveled margin ; rays very deciduous ; major sub- 
ambulacral spine 2 to 2.5 times length of plate. 
f. Rays 14, not very fragile ; costae about 20, close together on btad 
ninth of ray, and not much more salient than the bands ct 

felted pedicellariae; adambulacral armature -t^-A-I' »,. , 

Brisinga bengalenHs Alcock and Wood-Mason. 

f. Rays 14 or 16, very fragile, slender; costae 20 to 30, very cod- 

torted, salient laterally, inconspicuous abactinally; disk veiy 

i+o 
thin, with a downy appearance; adambulcral armature 'Tjrj'^^' 

-. ! BiHHnga gunnii Alcock. 

/*. Rays 11» costae 20 ; adambulcral armature -s^; see below. 

Astroatephane aoanihogenys (Fisher), 
c^. Most or all of the disk plates with a single spinelet; sometimes a fev 
near margin with 2 or 3. 
(T. Rays more than 10; rays not especially fragile^ though dedduoos; 
suboral spines large ; first pair of adambulcral plates and first psir 
of marginal plates in each interbrachium joined by their lateral 
faces. 
6^. Costae generally opposite each adambulcral plate, hence dose to- 
gether, and without conspicuous bands of Intercostal pedicellariae; 
a single series of papulae around the disk close to edge, 2 opposite 
base of each ray. 
A Conspicuous costae 25 to 80, occupying proximal fifth of nj\ 
pedicellariae larger, the proximal serrate edge of each blade in- 
conspicuous, semicircular; articular surface of proximal axn- 
bulacral ossldes smaller; rays 16. Brisingenes mimica (Fisher). 
f, Ck)nspicuous costae about 40, occupying proximal fourth of tbj; 
pedicellariae smaller with the proximal serrate edge of eacb 
blade relatively larger in proportion to total length of blade aad 
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different in form ; articular sorftice of proximal ambulacral os- 
sicles larger, the pair being 1.5 times higher than broad ; rays 

14 BrMnffenes a/nchUta (Fisher). 

e^. Gestae opposite alternate ambulacral plates, hence well spaced; 
with conspicuoTis intercostal bands of pedicellariae. 
f. Bays 15; costae 80 to 85; disk medium, some of its plates with 

more than I spinelet ; adambulacral formula or ; 

Buboral spine rather small and delicate; gonads serial, more 
than 2 to each ray; proximal subambulacral spines slightly 

modified, blunt CraterohriHnga evertnanni (Fished). 

f. Bays 16, with 25 prominent, complete, costae and 1 to 3, usually 8, 
conspicuous intercostal bands of pedicellariae; disk medium- 
sized with abruptly rounded (not beveled) margin; actinostome 
relatively very large; 1 suboral spine to each mouth plate and 
with an angle at base so that it is directed into actinostome; 
disk plates with solitary spinelets only ; lateral spines equal in 
length to 5 or 6 consecutive adambulacral plates ; adambulacral 

armature V~-j or ^^ ; gonads 2 to each lay. 

Astro8tephane moluccana (Fisher). 
f. Bays U, with about 20 complete, prominent costae and 1 complete, 
and 1 or 2 incomplete, bands of intercostal pedicellariae ; disk, 
decidedly small with a beveled margin; actinostome relatively 
small; 2 large suboral e^lnes to each mouth plate; disk plates 
with 1, 2, and 3 small spinelets in about equal numbers ; lateral 
spines equal In length to 7 or 8 consecutive adambulacral plates ; 

ambulacral armature -t^t^; gonads 2 to each ray. 

AatrostepMne acanthogenya (Fisher). 

^. Bays 10 or less; rays very fragile; disk small; suboral spines small; 

first pair of adambulacral plates of interbrachium not joined by 

lateral face; first pair of marginal plates joined by adoral end of 

plates only ; gonads 2 to each ray. 

e^. Bays 10 ; costae rather variable, usually 24 to 28 complete ones and 

a varying number of intermediate incomplete ridges In the median 

area ; marginal mouth spinelets 4, 8 on the actlnostomial margin ; 

suboral spines 2, small Brisingella fragilU (Fisher). 

^. Bays 7; costae few — ^less than 15; marginal oral spinelets 2 on 
actlnostomial margin; 1 small suboral spine; a few isolated 
spicules in the intercostal Integument 

Brisingella armillata (Sladen). 
b". Tegumentary prickles In abactlnal membrane of ray. 
e^. Rays 13 to 14 ; base of ray for some distance provided with conspicuous 
prickles springing from irregular roundish plates, which do not form 
definite costae; intercostal plates beyond this basal area usually un- 
armed ; costae 18 to 24, the alternate ones complete, and the first at 
a distance about equal to r from the base of ray. 

Stegnobriiinga gracilis (Koehler). 
c^. Bays 7, costae few, less than 15 ; tegumentary prickles few. 

BriHngeUa armttlata (Sladen). 
0^. Intercostal Integument of proximal part of ray thin, with or without rudi- 
mentary spaced plates bearing tegumentary prickles ; 1 or 2 subambulacral 
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spines of proximal adambnlacral plates with a modified, more or leas 
truncate, capitate, sometimes papillose lip. 
h\ Intercostal membrane without tegumentary prickles; costae numerous, 
close together, without intercostal bands of pedicellariae on the proxi- 
mal half of the costal region ; a costal arch opposite each adambulacral 
plate, 
c^. Costae decidedly irregular in the median radial region ; costal spinelets 
equal in length to height of costal ridges, or slightly exceeding same; 

costae 35 to 50 Craterolniainga panopla (Fisher). 

oP. Ck)Stae regular and parallel in the median radial region, passing directly 
from one margin to the other; costal spinelets shorter, less than 
height of ridges ; costae upward of 80. 

CrateroJnisinffa paraUela (Koehler). 

l>\ Intercostal membrane with tegumentary prickles; intercostal spaces with 

bands of pedicellariae, sometimes inconspicuous; costal arches usually 

not regularly opposite each adambulacral plate, but variable. 

c*. Rays 9; proximal adambulacral plates with only 1 capitate subambu- 

lacral spine, the associated spinule being conspicuously smaller, and 

truncate or bluntly pointed ; suboral spines usually 3, small. 

CraterohriHnga alberti (Fisher). 

(f. Rays 11; proximal adambulacral plates with usually the second sub- 

ambulacral truncate and slightly capitate, and nearly as long as, 

though slenderer than, its companion ; suboral spines 2, large. 

(f. Ck)stae 17 to 20 (in addition to 5 or 6 rudimentary ones at base of 

ray), well spaced, prominent, rather irregular, and occupying about 

the proximal third of ray CraterobriHnga euooryne (Fisher). 

d*. Costae about 85 (in addition to only 1 or 2 rudimentary ones at base 
of ray), but last 10 are inconspicuous; costal region occupying 
about half length of ray ; costae fairly regular and parallel and the 
proximal ones closer together than in t^. 

Craterobriainga analoga Fisher. 
b\ Intercostal integument without tegumentary prickles and with conspicu- 
ous intercostal bands of pedicellariae; costae opposite alternate ambu- 
lacral plates, hence well spaced ; rays 15 ; costae 80 to 35 ; disk medium, 
some of its plates with more than 1 spinelet ; suboral spine rather small 
and delicate; proximal subambulacral spines only slightly modified, 

truncate Oraterobrisinga evermanni (Fisher). 

a\ Intercostal integument of most of costal region strengthened by many close- 
set, contiguous, or overlapping papery plates of conspicuous size, com- 
pletely filling the interspaces ; proximal subambulacral spines acicular. 
b*. Costae 35 to 40, beginning at base of ray; no intercostal spinelets, the 
plates being smooth; first subambulacral spine pointed. 

StegnobriHnga placoderma (Fisher). 
b\ Costae 18 to 24, the alternate ones complete, and beginning at a conspicu- 
ous distance from disk, the interval being covered with irregularly dis- 
posed, spiniferous plates without arches; intercostal plates beyond this 
spiniferous basal area without spinelets; first subambulacral spine 
slightly broadened at tip, the following spines acicular. 

8tegnobri8inga gracUis (Koehler).' 

^ I am ndt sure of the generic poiitlon of this species, as the gonads and condition of 
the first adambalacral plates are not known to me. 
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Genus FREYELLASTER Fisher. 

Freyella Fisher, not Perrier, 1917f, pp. 424, 428. 

Freyellaster Fisher, 1918, p. 103. Type, Freyella fecunda Fisher. 

Diagnosis.— BTismgiAhe with numerous gonads arranged serially 
along either side of the more or less inflated genital region of ray, 
each opening by its own pore; plates of genital region forming a 
continuous covering or armor, more or less spiniferous, and not segre- 
gated as independent skeletal arches, separated by intervals without 
plates; no papulae; in interbrachial angle the first pair of adambu- 
lacral plates (of adjacent rays) closely joined throughout their 
length, and directly above them is a pair of closely joined first mar- 
ginal plates; primary apical plates not conspicuous; a nonmuscular 
symphysis or syzygy between the first and second adambulacral 
plates, and between the upper part of the second and third am- 
bulacral plates. 

Remarks. — ^This group includes those species of the old genus 
Freyella in which the gonads are numerous and arranged in series 
along either side of the ray, as in typical Brisinga. In this restricted 
genus Freyellaster^ as in tlie restricted Brisinga^ the first adambulacral 
plate is closely united to its fellow of the adjacent ray, at the apex 
of the interbrachial angle ; and immediately above them, and joined 
to their upper sides is a closely apposed pair of marginal plates, the 
first of a series which extends a variable distance along the base of 
the ray, just above the adambulacral plates. The adoral end of these 
marginal plates abuts against the base of the interradial plate. In 
some species part of the second adambulacral plate, as well as the 
first, is joined to its vis-i-vis. 

In a preliminary revision of the Brisingidae (Fisher 1917 /) I 
divided the old genus Freyella into two groups, Freyella and Frey- 
eUidea. The name Freyella was restricted to those species having 
supposedly the characters enumerated in the preceding paragraph, 
and Freyella spinosa Perrier was kept as the genotype. The name 
FreyelUdea was bestowed upon the group called Freyella in the fore- 
going synopsis of genera. Unfortunately the most important char- 
acters of Freyella spinosa are not shown in Perrier's figures nor 
mentioned in the description, since such details have generally been 
omitted as of no particular importance. 

Through the courtesy of Dr. H. L. Clark, of the Museum of Com- 
parative Zoology, I subsequently examined an authentic example of 
Freyella spinosa received from the Mus6um d'Histoire Naturelle. It 
belongs to the group which I called Freyellidea. This specimen. No. 
1447, has two gonads to each ray, each gonad consisting of a good- 
sized clump of tubules with a single aperture to the exterior. There 
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is no syzygy between the first and second adambulacral plates; no 
syzygial joint between the upper end of the second and third ambu- 
lacral ossicles, although the interval is very narrow; there are no 
superomarginals directly above the first adambulacrals. The first 
and second, and in one interbrachium also the third, adambulacral 
plates are joined to the corresponding adjacent plates of the next ray, 
although not so closely as in the other generic group, there being 
considerable tissue between the apposed plates. It was this feature, 
figured by Perrier, which led me to suppose that F. spinosa belonged 
with the group containing F. fecwnda^ F. spatulifera^ and others, in 
which the first adambulacrals are always tightly joined. For the 
present it is best to consider this character as of secondary impor- 
tance in true FreyeUa^ which is really not very closely related to the 
genus containing F. fecunda. The latter is distinguished by a syzygy, 
well-developed marginals for the interbrachium, and serial gonads. 

The species which I have personally examined are Freyellaster 
fecwndua Fisher (California), FreyeUaster spatuUfer (Fisher), and 
Freyellasterscdlaria {A.I{.Cl9Lrk) (Galapagos Islands). Among the 
species described by Sladen in the Challenger report, FreyeUa poly- 
enema appears to belong here. 

I have examined the following species which belong to the genus 
Freyella: spinosa Perrier, elegana Verrill, insignia Ludwig, pro- 
pinqua Ludwig, pacifica Ludwig, and nucroplax Fisher. Without 
knowing the disposition of the gonads it is not possible to be certain 
that the following species belong in FreyeUa. As nearly as can be 
judged by the figures given they appear to. Such species are : sexrth 
diata Perrier. benthophUa Sladen, fragilissima Sladen, heroina Sla- 
den, dimorpha Sladen, rernex Sladen, tuberculata Sladen. F, brae- 
teata Sladen is a synonym of elegana^ according to Professor Verrill. 

FRSYELLASTER SPATCLIFEH Flaher. 

Plate 144, fig. 1; plate 154, flg. 3; plate 155, figs. 1, lor-h, 

Freyella spatulifera Fishes, 1916&, p. 34. 
Freyellaster spatuUfer Fisher, 1918, p. 104. 

Diagnosis. — Bays 14. Genital region of ray short, slightly swollen, 
the spinelets concentrated in transverse parallel bands, about 30 in 
number, as a rule 1 opposite each lateral spine and 1 in the interval 
between; lateral spines opposite every adambulacral beyond the 
eighth, long and slender. Adambulacral armature: one furrow 
spinelet at each end of plate, and a second longer one above the aboral 
spinelet; 1 large suboral spine, which on the first 10 plates is conspic- 
uously broadened and spatulate at tip. Mouth spines, 2 at distal 
furrow corner of plate and 8 on actinosomial margin, 1 heavy sub- 
lanceolate suboral spine, frequently terminating in 2 points. B= 
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1354-mm., r=9 mm.; breadth of ray at base, 4.5 mm.; length of 
genital region, 30-35 mm. 

Description. — Disk fairly large with a beveled margin; disk plates 
not distinguishable; spinelets delicate, sharp, but invested in a sheath 
which causes them to appear terete and blunt. They are mostly 
solitary — ^that is, are not in groups — and form an evenly spaced, 
uniform, delicate nap, free from pedicellariae. The spinelets on the 
margin of disk are a little longer than those at or near the center. 

Genital region of ray relatively short, slightly swollen, the spinelets 
in clusters of 2 to about 6 per plate. On all but the basal fourth of 
the genital region there are low, transverse, parallel ridges, spaced 
about 1 mm. apart, formed of very slightly elevated plates bearing 
most of the short, tapering, sharp spinelets. The spinelets have the 
appearance of being collected into these transverse bands, while the 
interspaces have very few spinelets yet there is no regularity in the 
arrangement of the spinelets on the plates. They may form clusters 
or short series, oriented obliquely, longitudinally, or transversely 
with reference to the main axis of ray. These transverse bands of 
spines resemble somewhat the costae of Brisingdj but are much less 
prominent. 

A slender acicular spine, arising from a convex lateral plate fused 
to the side of every adambulacral plate (usually a little aborad of 
the middle), beginning with the eighth, increases in length until 
equal to about 6 or 7 adambulacral plates (at a short distance beyond 
end of genital region). 

Beyond the genital region or area of abactinal plating the integu- 
ment is excessively thin, so that the underlying ambulacral ridge is 
clearly visible, and it is crossed at each lateral spine by an inconspic- 
uous band of pedicellariae, usually only with diflSculty discernible 
on the middorsal area. 

Adambulacral armature : one furrow spine at each end of the plate, 
and a little shorter than the midventral length of the plate ; above the 
aboral spinelet, a slender but yet stouter and longer spinule, about 
1.6 plates in length, measured along the midactinal line. These 3 
spinelets bear at the tip a group of slender-jawed, major pedicellariae. 
On the actinal surface is a prominent subambulacral spine, which, on 
the first 10 plates is conspicuously spatulate, gradually lengthening 
from about the fourth, and narrowing at the tip from the sixth to 
eighth plates. The broad tip -is sometimes flat, sometimes scoop- 
shaped, sometimes grooved, while the truncated end has often two or 
three knobs. The knobs become more evident beyond the eighth 
plate, most of the spines being practically bicapitate. The thirteenth, 
fourteenth, and fifteenth are very long, slender, and tapering, with 
either a capitate or a bicapitate tip, while beyond the thirteenth to 
fifteenth (according to the ray), the spines lose the capitate tip and 
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become pointed. The broadly spatulate spines are about 3 plates 
in length (3.0 to 4.5 mm.) ; the pointed acicular ones just beyond the 
modified subambulacrals are a little over 4 plates in length (7 mm.), 
the plates themselves becoming gradually longer, as is evident from 
the above measurements. The subambulacral spines are invested in 
sheaths bearing both major and minor pedicellariae, while on the 
lateral spines only the minute minor pedicellariae seem to be present 

Mouth plates each with 3 short spinelets on the actinostomial 
margin and 2 on the distal furrow corner. Suboral spine about as 
long as the first subambulacral spine, with a sublanceolate slightly 
flattened tip, which is grooved lengthwise and frequently ends in 2 
distinct, sharp points. The oral and suboral spines are heavilj 
armed with major pedicellariae. 

Madreporic body small, but on the external side of a prominent 
protuberance, the adcentral side of which is spiny. 

Gonads and first adambulacral plates as in generic diagnosis. 

Type.— C^t. No. 86747, U-S.N.M. 

Type'loc(dity.—&t^t\on 5668 (lat 2** 29' 30" S.; long. 118^ 43' E.), 
Macassar Strait, off Mamuju Island, west coast of Celebes, 901 
fathoms, gray mud ; bottom temperature, 38.2° F. ; 1 specimen. 

Remarks. — ^This species has much broader proximal subambulacral 
spines than any other known species. It differs from F. echinata 
Sladen (if this is indeed a Irue Freyellaster) in lacking the conspicu- 
ous abactinal spines. F. acaZaris (A. H. Clark) has even more con- 
spicuous abactinal spines on the rays than has echinata. 
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Plate 1. 

Fig. 1. BentJiogenin cribellosa; actinal surface of type, enlarged, p. 

2. Sidonaater psilonotus; actinal view of type, enlarged, p. 87. 

3. Same ; abactinal view of type, enlarged. 
548 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM BULLETIN 100, VOL. 3 PL. 



Starfishes of the Philippine Seas and Adjacent Waters. 

36 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. 2 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



Plate 2. 

Fig. 1. Benthogcnia cribeUosa; actlnal surface of type, enlarged, p. 39. 

2. CtenodiHciis orientalia; abactlnal aspect of type, p. 44. 

3. Same; end of ray. 

4. Same; actinal surface of type. 
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Platk 3. 

Fig. 1. PrioiMstir analogus; actiiial aspect of type, p. 50. 

2. Prionastcr gracilis; actinal surface of type, p. 55. 

3. Sidonaster vancyi; abactinal surface enlarged, and the ends of 2 rays. 
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Plate 4. 

Fig. 1. Goniopecten a^iaticun; abactinal asi)ect of type, p, 47. 

2. Priotwster analogus; tip of ray, actinal view, p. 50. 

3. Prionaater megaloplax ; aetinal surface of type. p. 56. 
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Plate 5. 

Fio. 1. VHonaater mcgnloplax ; type, abactinnl view, less than natural size, p. 5G. 
2. Goniopectcn asiaticus; ventral aspect of type, reduced, p. 47. 
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Plate 6. 

Fig. 1. Prionastcr graciUs; nbactlnal view of type, d. f»5. 
2. Prionastcr analogus; abjictinal view of type. d. 50. 
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1»LATB 7. 

Fia. 1. C7cwocli«c«« oricntalis; specimen from station 5527; fifth and sixth 
n(lainl>ulaci'al plates and adjacent intermediate plates, showing the 
membrane partly shrunken ; adoral side of plates to the left, X6.5. In. 
Same ; second adambulacral plate, dried, X6.5. 1ft. Same ; ninth supero- 
marginal and inferomarginal plates showing narrow free surface and 
broad marginal web. Below the inferomarginal plate 2 actiual inter- 
mediate plates are indicated, X8. le. Same; terminal plate of 5;t>e<'1- 
men from station 5423, X8. Id. Same; side view of 2 dried paxillae 
from the proximal i)ortion of radial region, X8. le. Same; dorsal 
view of 2 paxillae from alcoholic specimen. If. Same ; dried specimen, 
showing moiith, adambulacral, and 2 double series of actinal interme- 
diate plates. From the median fasciole the spinel ets have been partly 
removed to show the articulation of plates. Back of the mouth plates 
is shown the oral plate or odontophore (o). The surface of the 
adambulacral plates, when the membrane Is removed, is irregularly 
sunken and pitted; w, inferomarginal plates; X6.5. P. 44. 
2. 8idon<i8te7' pHlonotus; mouth and adambulacral plates of type; o, oral 

plate or odontophore; X6.5. P. 37. 
l\. Goniopecten asiaticus, type; paxillae from base of ray, near radial line, 
showing both dorsal and side views, X8. 3a. Same; sixth adam- 
bulacral plate, of which the adoral side is to the left; X5. 36. Same: 
eleventh adambulacral plate. X5. 3r. Same; thirty-fourth adambu- 
lacral, and thirty-first inferomarginal plates, oriented as in 3a and 3ft; 
X5. P. 47. 
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Plate 8. 

Goniopectcn asiaticus; Intermdial cribiform organ of the type, showing 

alsw^ 2 superomarglnal and 2 iuferomarginal plates with their spines, 

X5. la. Same; a cross-section of ray of tj'pe, taken abont a third Its 

length from base, to show the relation of plates, and especially the 

massive marginals. X2.5. P. 47. 

Benthogenia cribellosa : sixth adambulacral plate of type, the adoral side 
to left. X8. 2a. Same; abactlnal plates. X5. 26. Same; one of the 
largest radial paxlllae, X8. 2c. Same; end of ray from side showing 
the terminal plate, dorsal and marginal cribriform organs, X2.5. The 2 
distal most spines of the terminal plate are each paired ; the 3 proximal, 
shown by scars, are unpaired. 2d. Same; a smaller radial paxllla 
from side, X12. P. 39. 

Prionaster anaJogus; fifth and sixth adambulacral plates, the adoral side 
being to the right. The right-hand plate is shown partly dried In 
order to bring out the form of the furrow spines; X8. 3a. Same; 
a paxilla from about the middle of major radius, XI 6. 3&. Same; 
dorsal view of a terminal plate and 3 adjacent superomarginals of a 
specimen from station 5565, X8. 3r. Same; ventral view of plate 
shown in Sb ; an iuferomarginal and 2 adambulacral plates are shown 
on either side of the furrow; X8. P. 50. 
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Plate 9. 

Fig. 1. Prionastcr grai^Us; fourth ndambulncrnl plate of tyr)e, X8. Iff. Sanie 
twentieth adanibulacral plate of same ray, X8; in both fiRures tb 
adoral side of plate is to the left. 16. Same; paxlllae from base o 
ray, X16. P. 55. 

2. Prionaster nie</<i1oplax ; se<*ond adanibulacral plate of tyiie, X.l. 2c 

Same; twentieth adanibulacral plate of tyi)e. X5; in both figures th( 
adoral side of plate Is to the ri^ht. The plates are shown parti: 
dried. 2h. Same ; paxillae from dislv, about midway between centCi 
and margin, and radial and Interradial lines, X8, P. 56. 

3. Craspidastcr hcftpcrun; aliactinal plates from base of ray; r-r, radia 

line; the dottinl line indicates the transverse rows of plates; X8 
P. 60. 
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Plate 10. 

Fig. 1. Astropccten enciicmis; actlnal surface, enlarged, p. 75. 

2. Astropccten mindanensis ; abactinal surface, enlarged, p. 67. 
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Plate 11. 

Fig. 1. Astropcctcn tcncUus; nbactinal aspect, enlarRetl, p. 84. 

2. Same ; actinal surface of a portion of ray, enlarged. 

3. Astropcctcn rcUtaris; actinal surface, p. 70. 

4. Same; abactinal surface. 

5. Astropcctcn phragmorus ; abactinal aspect of type, enlarged, p. G5. 
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Plate 12. 

Fio. 1. Astropecten pediccllaris ; portion of abnctiiml surface, enlarged, p. 87. 

2. Astropecten luzoniens; portion of actinal surface, enlarged, p. 82. 

3. Dipsacastcr diaphorus; abactinal aspect of ray, enlargetl, p. 152. 

4. Ctenophor aster diploet cuius ; actinal view of ray, enlarged, p. 95. 
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Plate 13. 

Fig. 1. Persephonaster hahrogenys; abnctinal aspect of type, enlarged, p. 131. 

2. Astropccten creynicus; abactlnal view of type, enlarged, p. 79. 

3. Astropcctvn luzonicus; abactlnal view of tyi)e, enlarged, p. 82. 

4. Astropcrtcn pc^iccUari^ ; abactlnal view of type, enlarged, p. 87. 
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Plate 14. 

Fig. 1. Astropecten phragnwrus; fourth inferomarginal plate and adjacent 
adambulacral plates of type, X6.5. la. Same; fifth and sixth supero- 
marglnal plates of cotype, X6.5 ; the part of the plates to left of dotted 
line forms part of the lateral wall of ray. lb. Same; two paxlUae 
from radial area, base of ray of cotype, X9.6. P. 65. 

2. Astropecten velxtaru; fifth inferomarginal plate and adjacent adam- 

bulacral, X9.6. P. 70. 

3. AHtropecten euenemis; fourth inferomarginal plate and adjacent adam- 

bulacral of type, X9.6. 3a. Same; mouth plates of type, X9.6. 36. 
Same ; one of the larger paxillae, type, X 9.6. 3c. Same ; fourth infero- 
marginal plate and adjacent adambulacral of small variety from sta- 
tion 5182, X12. 3d. Same; an actinal interradial pedicellaria from 
specimen shown in 3c, X12. P. 75. 

4. Astropectcn luzonicus; sixth inferomarginal plate and 2 adjacent adam- 

bulacrals of type, X9.6. 4a. Same; fifth superomarginal plate and 
upper end of corresponding inferomarginal, showing superomarginal 
spine, lateral spines, and also a few paxillae; X9.6. 4b. Same; a 
paxilla from base of ray, X9.6. P. 82. 
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Plate 15. 

FiQ.l, Astropecten tcncllua; fifth inferoniarglnnl plate ami adjacent adam- 
bulacrals of type, XJ).G. la. Same; paxilla from Interradlal region of 
disk, X9.6. lb. Same; a pedlcellaria and 2 adjacent paxlllne from 
radial area at base of ray, X9.6. P. 84. 

2. Aatropecten pedicellaris ; sixth Inferomarglnal plate and 4 adambulacral 

plates of type, X9.6; note the adambulacral and inferomarglnal pedi- 
cellariae. 2a. Same ; ninth and tenth superomarglnal plates, and upper 
end of corresponding inferomarginals, and also adjacent abactlnaV 
paxillae and pedlcellaria, X9.6; note superomarglnal and inferomar- 
glnal pedicellariae ; the inferomarglnal spines have been removed from 
proximal plate; the superomarglnal spines are longer at base of ray. 
26. Same; 2 paxillae from base of ray, side view, X9.6. 2c. Same; 
a radial paxilla, expanded, X9.6. P. 87. 

3. Astropecten eremicus; ninth Inferomarglnal plate and 2 adjacent adam- 

bulacral plates of type, X9.6. 3fl. Same; third adambulacral plate of 
type, showing one of the large subambulacral pedicellariae, X9.6. 
36. Same; side view of a paxilla from Interradlal line midway be- 
tween center and margin, X12 3c. Same; a pedlcellaria and 2 ad- 
jacent paxillae from proximal third of ray, near radial line, X12 
Sd. Snme; paxilla from proximal third of ray near margin, X12. 
Se, Same; dorsal view of an abactlnal pedlcellaria, X12. P. 79. 
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Plate 16. 

Fig. 1. Ctenopleura astropectinides ; fourth inferomnrginal and 2 adjacent 
adambulacral plates of type, X4. la. Same; a paxiUa from base of 
ray, X8. 15. Same; side view of paxllla, radial line of ray, X8. 
Ic. Same; abactlnal plates, from inner side; r — r, radial series of 
plates of ray, X8. P. 91. 

2. Ctenophoraster diploctenius ; terminal plate, denuded, X8. 2a. Same; 

abactinal plates, from inner side; r — r, radial series of plates, base 
of ray, X8. 2b. Same; ninth and tenth adambulacral plates and 
adjacent actinal intermediate plates, X8. 2c. Same; tip of a lateral 
inferomarglnal spine, much enlarged. 2d. Same; abactlnal paxllla, 
X16. 2e. Same; eighth inferomarglnal plate showing the second comb 
of lateral spines (1) and a single spine (2) of the outer lateral se- 
ries; the actinal spines are shown, and the circular scars of the 
accessory splnules, X6.5. P. 95. 

3. Psihister gotoi; eighth and ninth adambulacral plates of type. 3a. 

Same ; abactlnal paxillae from base of ray, that to left being one of n 
radial series, X 16. 3&. Same; terminal plate, X8. P. 100. 

4. Psilastcr robustus; abactlnal paxillae, X16. 4a. Same; terminal plate, 

denuded. P. 103. 
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Plate 17. 

Fig. 1. Anthosticte aulophora; type, abactinal view, reduced, p. 140. 

2. Ctenophoraatcr diploctcnius; type, abactinal view, p. 95. 

3. CtcnopJeura asiropcctinidcs ; type, abactinal view, p. 91. 
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Plate 18. 

Fig. 1. Ctcnophoraster diploctenius ; type, actinal surface, p. 95. 

2. Ctcnopleura astropectinidcs; type, actinnl surface, p. 91. 

3. Anthosticte aulophora; type, actinal surface, p. 140. 
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PJ.ATE 19. 

Fig. 1. Astromcftitcs vompactus; portion of nttinal surface, enlargeil, p. 107. 
2. Anthostictc aulophora; portion of actinal surface, enlarged, p. 140. 
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1»LATE 20. 

KiG. 1. Psilastcr rohustus; type, nbactlnal aspect, p. 103. 

2. Peraephonaster monostocchus ; type, abactinal surface, p. 134. 

3. PftUaster gotoi; type, abactinal surface, p. 100. 
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Plate 21. 

Fjg. 1. Psilastcr goioi; type, actlnal surface, p. 100. 

2. PcrsephonaHtvr monostocchus ; tyi)e, actinal surface, i). 134. 

3. Psilaster robuaius; type, actinal surface, p. 103. 
568 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. 21 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. H 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



Plate 22. 

Fig. 1. Persephonaster tenuis; tj'pe, abactinal view, p. 121. 

2. Persephonaster suluensis; type, abactinal view, p. 125. 

3. Persephonaster oediplax; tyi)e, abactinal view, p. 127. 

4. Same; a smaller specimen. 
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1»LATK 23. 

Fig. 1. PcrscphoiuiHtcr svUienHig; type, nctiuni view, \\ 125. 

2. Persephonaster tennis; type, actinal view, p. 121. 

3. PcrsephonaHter luzonicus; type, aetlnni view, p. 118. 

4. PerHcphonastcr ocdiplax; tyi)e, actinni view, p. 127. 
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Plate 24. 

KiG- 1. Prrsephonaster luzonicus; tyi)e, abactiiial surface, p. 118. 

2. PvrHcplionasivr cunjactis brevispinus; abactinal surface, p. 115. 

3. AstromesitfH compactus ; type, abactiual surface, p. 107. 

4. Persephonasier euryaciis; type, abactinal surface, p. 112. 
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Plate 25. 

Fig. 1. Pcrscplionastcr viuttirinctus; type, actinal view, p. 123. 

2. Astromcsitcs compavtus; tyi>e, actinal view, p. '107. 

3. Pcrsephonaster euryactis hrcvispinus; actinal view, p. 115. 

4. Pcrsephonaster euryactis; tyi)e, actinal view, p. 112. 
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Plate 26. 

Fig. 1. Persephonaster multicinctus; type, abnctinal view, p. 123. 

2. Astromcsitea compactus; specimen from station 5296, p. 107. 

3. Persephonaster anchistus; abactinal view of type, p. 117. 
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Plate 27. 



Fig. 1. Persephonastcr multicinctus ; actinal view of type, much enlarged, p. 123 
2. Persephonastcr anchistus; actinal view of type, much enlarged, p, 117. 
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Plate 28. 

Fig. 1. Persephonaster hahrogenys ; actinal view of type, enlarged, p. 131. 

2. Dipsacastcr diaphorus; abactinal view of type, enlarged, p. 152. 

3. Patugiaster sphaerioplax ; abactinal view of type, enlarged, p. 154. 
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Plate 20. 

Kia. 1. Tritonaster evorvs; nbactinal view of type, enlarged, p. 13G. 

2. Dipsacastcr diaphorus; actinal view of type, enlarged, p. 152. 

3. Patagiaster sphacriophax ; actinal view of type, enlarged, p. 154. 

4. Tritonaster cvorun; actinal view of tyi)e, enlarged, p. 136. 
576 



Digitized by LjOOQ IC 



U. 8. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. 29 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



U. 8. NATIONAL MUSEUM [BULLETIN 100. VOL. 3 PL 30 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



Plate 30. 

Enlarged details of abactinal and actinal surfaces. 
Fjg. 1. Persephonaster tenuis; abactinal, p. 121. 

2. Persephonaster euryaetis hrerispimis; abactinal, p. 115. 

3. Psilaster robustus; actinal, p. 103. 

4. Psilaster gotoi; actinal, p. 100. 

5. Persephonaster euryaetis; actinal, p. 112. 

6. Tritonaster evorus; abactinal, p. 136. 
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Plate 81. 

Enlarged details of abactlnal and actlnal surfaces. 
Fjg. 1. Dipsacaster diaphorus; actlnal, p. 152. 

2,3. Peraephonaater oediplax; abactlnal, p. 127. 

4. Astromesitcn compactus; abactlnal, p. 107. 

5. Persephonastcr nionostoecJius; actlnal, p. 134. 

6. Pcrscphonafttcr habrogcnys ; abactlnal, p. 131. 
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Plate 32. 

Dipsacastcr impcrialis. 

Fig. 1. Actinal siirfaoe of type, reduced ; one pair of mouth plates has been 
cleaned, p. 146. 
2. Abactinal surface of type, reduced. 
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I*LATE 33. 

Fig. i. Koremastcr evavlns spiculatus; nbactiiinl view of type, enlarge<l, p. ICI. 
2. Koremastcr evaulus; nbactinal view of type, enlarged, p. 157. 
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Plate 34. 

Pig. 1. Koremaster evaulus gpiciilatus; actinal view of type, enlarged, p. 161. 
2. Koremaster evaulus; actinal view of type, enlarged, p. 157. 
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Plate 35. 

Fig. 1. Persephonaster euryactis; Inferomarglnal, actinal interme<llate, and 
adambulacral plates from proximal portion of ray of type, X 6.5. The 
figures 2, 2, 2, Indicate the second underlying comb of inferomarglnal 
spines, la. Same ; twelfth inferomarglnal and superomarglnal plates 
of type ; note the increased length of the inferomarglnal spines, X 6.5. 
Ih. Same; a primary basal paxiUa, X 16. Ic. Same; pasillae from 
the base of ray Just to one side of the radial line, X 16. Id. Same; 
Polian vesicle, X 4. P. 112. 

2. Aatroniesites compactus, type ; large paxillae from near madreporic body, 

X 8. 2a. Same ; twelfth to fourteenth adambulacral plates, X 8. 2b. 
Same ; abactlnal plates from base of ray, X 8. 2c. Same ; a side view 
of a paxilla from radial region of ray, X 8. 2d. Same ; side view of 
mouth plates, X 6.5. P. 107. 

3. Pailaster gotoi, type; sixth superomarglnal and inferomarglnal plates, 

p. 100. 
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Plate 36. 

Fig. 1. Pergephonaster euryactis; spinelet from near inner edge of infero- 
marginal plate, X 52. la. Same; spinelet from outer part of infero- 
marginal plate, X 52. P. 112. 

2. Peraephonaster eurycLqtis hrevispinus ; twelfth superomarginal plate, and 

upper end of adjacent inferomarginal plate, showing the small supero- 
marginal spines ; second row of lateral spines marked 2 ; X 6.5. 2a. 
Same; eighth adambulacral plate, X 6.5. P. U5. 

3. Persephanaster luzonicuJi, type; sixth inferomarginal and adjacent ac- 

tinal intermediate and adambulacral plates, X 6.5. 3a. Same ; pax- 
illae from base of ray ; a pedicellaria is shown on the left ; X 16. 36. 
Same; spinelets from interomarginal plates, X 52. P. 118. 

4. Persephanaster anchistus, type; fifth inferomarginal and adjacent ac- 

tinal Intermediate and adambulacral plates. X 4. The inferomarginal 
appears to be narrower than it really is on account of foreshortening. 
The series form a beveled border to ray. 4a. Same; outline of an 
inferomarginal plate, viewed without foreshortening, X.4. 46. Same; 
2 paxillae from radial line, base of ray, showing a pedicellaria iped.) 
and 2 papulae, X 16. 4c. A spinelet from near middle of infero- 
marginal plate, X about 28; note that the magnification is about half 
that of P. euryactis and P. luzonicus. Ad. Same; sjiinelet from near 
inner edge of inferomarginal plate, X 28. P. 117. 
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Pl^TE 37. 

Fig. 1. Persephonaster tenuis, type; sixth inferomarginal plate and adjacent 
actinal Intermediate and adanibulacral plates, X 4 ; ped., subambula- 
cral pedicellaria ; int.. Intermediate plate, la. Same ; 2 paxlUae from 
near radial line, base of ray, X 16; ped., pedicellaria with 4 jaws; 
papulae outlined by circles. 1&. Same, terminal plate, X 6.5; two 
superomarginal plates are shown (sup.), Ic. Same; inferomarginal 
spinelet from outer half of plate, X 52. Id, Same ; inferomarginal 
spinelet from near inner edge of plate, X 52. P. 121. 

2. PersepJionaster multicinctua, type; eighth and ninth adambulacral 

plates, X 6.5 ; the furrow spines of the eighth plate have been removeii 
and the inner subambulacrals bent toward furrow. 2a. Same;pax- 
illae and pedicellariae from disk, X 16 ; ped., pedicellaria ; pap^ 
papula. 2&. Same; a spinelet from near middle of Inferomarginal 
plate, X 52. 2c. Same ; a spinelet from near Inner edge of Infero- 
marginal plates. P. 123. 

3. Persephonaster monostoechus, type ; two proximal inferomarginal plates, 

and adjacent actinal intermediate (int.) and adambulacral plates, 
X 6.5. 3a. Same ; 3 paxillae, and a pedicellaria, X 16. 3b, Same ; a 
paxilla seen from the side, X 16. 3c. Same ; 2 inferomarginal spine 
lets, X 52. P. 134. 
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I»LATE 38. 

Fig. 1. Persephonaster suluensis, tj^pe ; seventh and part of eighth inferomargi- 
nals, with adjacent actinal intermediate and adambulacral plates, X 
6.5. la. Same; spinelet from inner edge of inferomarginal plate, X 
about 48. 1&. Same; spinelet from outer part of plate, X 40. Ic. 
Same ; mouth plates, X 6.5. Id. Same ; paxillae and pedicellariae from 
base of ray, X 16; pcd., pedicellariae. le. Same; paxilla, from side, 
X 16. P. 125. 

2. Persephonaster oediplaXy type; sixth Inferomarginal plate and adjacent 

actinal intermediate {int.) and adambulacral plates, X 6.5; ped., pedi- 
cellaria. 2a. Same; thirteenth superomarginal and upper end of 
adjacent inferomarginal plate, X 6.5. 2b. Same ; four paxillae from 
radius, base of ray; one shows a pedicellarlan apparatus, X 16. 2c. 
Same ; inferomarginal spinelet from outer part of plate, X 52. 2d. 
Same; inferomarginal spinelet from near inner edge of plate, X 52. 
P. 127. 

3. Anthosticte aulophora, tyi^e ; abactinal plates from coelomic side, X 8. 

The irregular plates on the right are In the median radial region of 
the ray, and those to the left are In regular transverse series, p. 140. 
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Plate 39. 

Fig. 1. Anthosticte aulophora, type; nineteenth and twentieth adambulacral 
plates, with adjacent actlnal intermediate plates to the left, X 6.5. Ifl. 
Same; three Inferomarglnal {inf,) and adjacent actinal Intermediate 
{int. 1, int. 2) and adambulacral plates {ad.) to show the deep mar- 
ginal fasclolar channels, X 6.5 1&. Same; paxllla from side, X 8. Ic. 
Paxilla from base of ray with three pedicellarlae, X 8. Id. Same: 
adoral face of a pair of marginal plates, showing the full height of 
their specialized ridges, X 4. Art.y articulating surface of superomar- 
ginal; sa., superambulacral plate; int., actlnal intermediate plates. 
P. 140. 

2. Persephonaster hahrogenys, type; mouth plates X 8. 2a. Same: 

eleventh inferomarglnal and adjacent adambulacral plate, X 8. 2b. 
Same ; terminal plate, X 8. 2c. Same ; paxillae from lateral portion 
of area, base of ray; ped., i)edicellaria, X 16. 2d, Same; spinelet 
from middle of inferomarglnal plate, X 52. 2e. Same ; spinelet from 
near furrow margin of inferomarglnal plate, X 52. P. 131. 

3. Tritonaater evorus, type ; eighth to tenth superomarginal, and upper end 

of eighth inferomarglnal, showing lateral spines, X 8. 3a. Same; 
three paxillae from disk, X 16. Sb. Same ; fifth inferomarglnal and 
2 adjacent adambulacral plates, X 8. P. 136. 
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Plate 40. 

Fig. 1. Dipaacaster imperialis, type ; abactlnal paxilla, from side, X 8. la. 
Same; paxiUar spinelet much enlarged; compare with D. diaphorus. 
lb. Same; abactlnal plates, X 8; r — r, radial line. P. 146. 
2. Koremaster evaulus, type ; sixth and seventh inferomarglnal plates, and 
adjacent actinal intermediate {int.) and adambulacral plates, showing 
pedlcellarlae (pecf.), X 6.5. 2a. Same; two furrow spines, side view 
X 6.5. 2b. Same ; side view of paxllla, X 12. 2c. Same ; paxillae from 
near edge of paxillar area, with characteristic pedlcellarlae, X 12. 
2d. Same ; a pedlcellarla from edge of paxillar area, X 12. 2e. Same ; 
abactlnal plates from ray, X 12 ; r — r, radial line. P. 157. 
3. Koremaster evaulus spiculatus; fifth and sixth adambulacral plates, 
X 6.5. 3a. Same ; abactlnal plates, X 12 ; r — r radial line. 3b. Same ; 
side view of paxilla from near radial line, disk, X 12. 3c. Same, two 
actinal intermediate plates opposite second adambulacral showing 
pedlcellarlae (ped.). X 12. Sd. Same; second superomarglnal plate, 
from above, showing the adjacent margin of paxillar area, and 3 
pedlcellarlae (ped.) belonging thereto, along with 3 paxillae, X 12. 
3e. Same; paxillae from interradial region of disk, X 12. 3/. Same; 
terminal plate, X 6.5; spinelets removed from right half. P. 161. 
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Plate 41. 

Fig. 1. Dipsacaster imperialis, type ; seventh adambulacral plate, enlarged, la. 
Same; mouth plates with spines removed for comparison with fig. 
2, X 3.2. P. 146. 

2. Dipsacasier nesiotes, station 5624; mouth plates with spines removed. 

X 3.2. P. 145. 

3. Dipsacaster diaphorus, type; sixth Inferomarginal and adjacent adam- 

bulacral plates, X 9.6. 3cf. Same ; side view of a paxilla from near the 
base of ray, X 16. 3&. Same; abactinal paxlllae, X 16. 2c. Same; 
abactinal plates from inner or coelomic side, X 8. P. 152. 

4. Patagiaster sphaerioplax, type; fourth inferomarginal plate and ad- 

jacent actinal and adambulacral plates; int., actinal Intermediate 
plates, X 8. 4a. Same ; abactinal paxilla from vicinity of madreporic 
body, X 16. P. 154. 

5. Luidia prionota, type, sixth inferomarginal and adjacent ninth adam- 

bulacral plates, X 12. 5a. Same ; twelfth adambulacral plate from 
adoral side, X 12. P. 164. 

6. Radiaster notahilis, type; paxillae from mldradial region, at base of 

ray, X 12. 6a. Same; the tenth adambulacral plate, and an adjacent 
actinal intermediate plate, X 6.5. P. 217. 

7. Tarachastcr tenuis, type ; abactinal plate-s, ray near base ; plates to left 

of dotted line in the region of regularly arranged plates, X 12. la. 
Same ; adambulacral plates at base of ray, X 12. P. 402. 
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Plate 42. 

Luidia gymnocliora, type. 

Fio. 1. Abactinal surface, p. 175. 

2. Actinal surface of one ray, dried, p. 175. 
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Plate 43. 

Fig. 1. Luidiu avicidaria; ubiictinal aspect of type, retlucetl, p. 172. 

2. Luidiu oricntalis; type. Disk with all 5 rays removed, p. 166. 

3. Same ; one ray, same as disk ; abactinal view. 

4. Same ; margin of abactinal area of ray much enlarged. 

5. Luidia longispina; abactinal view, p. 164. 
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Plate 44. 
Fig. 1. Luidia orientalis; portion of abactinal surface of ray, enlarged, p. 166. 

2. Luidia avicularia; portion of abactinal surface of ray, enlarged, p. 172. 

3. Luidia moroisoana; portion of ray of a specimen from Japan, for com- 

parison with L. avic^ilaria (fig. 2) ; enlarged, p. 175. 

4. Luidia gymnochora; portion of abactinal surface of ray, enlarged, p. 175. 

5. Same; one-half of an enlarged view of actlnal surface of ray; further 

on the right. 
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Plate 45. 

Figs. 1,2. Luidia prionota; type, actinal and abactinal view, enlarged, p. 164. 
3. Archaster angulatus; actinal view, enlarged, p. 181. 
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Plate 46. 

Fig. 1. Luidia gyvinochora, type; inferomarginal, intermediate, and adam- 
biilacral plates at about the end of the proximal third of ray; the 
proximal plates of the 3 segments denuded of spines; int., actinal 
intermediate plates, X 4. la. Same; furrow pediceilaria from third 
adambulacral plate, ventral aspect (the valves are lateral, not dor- 
sal and ventral), lb. Same pediceilaria as la, aboral valve, outer 
face, X 16. Ic. Same ; side view of a superomarginal paxllla near 
base of ray, X 6.5. Id. Same ; the right-hand series of abactinal 
paxillae are adjacent to the superomarginal paxillae; 2 papulae are 
shown (p.), X 6.5. P. 175. 

2. Luidia avicularia, type ; eighteenth adambulacral plate, X 8. 2a. Same ; 

subambulacral pediceilaria, X 8. 2&. Same; aboral aspect of a fur- 
row pediceilaria, the actinal jaw to the right, X 16. 2c. Same ; supero- 
marginal (left) and paxillae of next 2 longitudinal series, end of 
proximal third of ray. P. 172. 

3. Luidia orientalis, type; eighth and ninth adambulacral, and adjacent 

actinal and Inferomarginal plates, X 6.5. P. 166. 
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Plate 47. 

Fig. 1. Chciraster diomedeae; abactinnl aspect of type, p. 200. 
2. Cheiraster niasictis; nlmctinal a8i)ect, p. 192. 
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Plate 48. 

Fig. 1. Cheiraster ludwigi; abactinal view of type, enlarged, p. 203. 

2. Pectinaster hylacanthus; abactinal view of type, enlarged, p. 187. 

3. Cfieiraster triplacanthus ; actinal view of type, enlarged, p. 205. 

4. Same; abactinal view of type, enlarged, p. 205. 
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Plate 49. 

Fig. 1. Pcctinaster mimicMs; abactinal aspect of si>ecimen from station 5(530, 
enlarged, p. 182. 
2. ChviraHter ludmgi; type, actlnal aspect, enlarged, p. 203. 
2. Chciraster ludwigi; type, actlnal aspect, enlarged, p. 203. 
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Plate 50. 

Chcirastcr gazellac. 

Figs. 1 and 2. Abactinal view of 2 larpe specimens, p. 196. 
Fig. 3. Abactinal snrface of small specimen with very numerous abactinal pedi- 
cellarlae. 
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Plate 51. 

Fio. 1. Chciraftter gazcllae; nbactlnal view of a large specimen upon which 
description Is base<l, p. 196. 
2,3. lienihopvcicn polycicnius; type, abactinal view, with part of a ray de- 
tached, p. 211. 
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Plate 52. 

Frc. 1. Cheirasicr gazcllac; actinal view of pi. 51, fig. 1. Seo p. 19(5. 

2. Bvnthopccten polyctcniuH ; actinal view of type, enlarjjed, p. 211. 

3. Pcctinaster 7nimicus palatcancnais ; actinal aspect of type, enlarged, 

showing also side of ray, and three-quarter view of actlnostonie, the 
inner end of a pair of oral plates, etc., p. 185. 
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Plate 53. 

Fig. 1. Benthopccten moluccanus ; abactlnal aspect of type, enlarged, p. 208. 
2. Benthopecten styracius; abactinal asi)ec't of type, enlargefl, p. 213. 
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Plate 54. i 

Fig. 1. Pectinasivr hjjiacauthvx. type; fourth and fifth adainbuhicral, and third 
and fourth inferomarginal phites. P. 187. 

2. Pcctinaster tnimicus paUiirnncnsiJi, cotypo; fifth and sixth adanibulacral 

plates and adjacent third and fourth inferonmrginal plates; between 
the latter, a sui)eroniarginal plate and spine (/*«/>.), X 6.5. 2a. Same; 
abactinal plate and central spinule, from middle of ray of the type, 
X 16. P. 185. 

3. ChviraHicr gazeUac ; thirteenth and fourteenth adanibulacral, and seventh 

and eij^hth inferomarjrinal plates, X 6.5. 8fl. Same ; paxillae from 
edge of papularium, X 9.6. P. 196. 

4. Cheirastcr niasicus; abactinal plates or i)axillae from midradial line, 

near base of ray. 4a, Same ; tenth inferonmrginal, and adjacent four- 
teenth and fifteenth adanibulacral plates, X 6.5. P. 192. 

5. Chciraster diomcdeac, tyi^e ; fifth inferomarginai, and seventh and eighth 

adambulacral plates, X 9.6. 5a. Same ; twelfth superomarginal and 
adjacent inferomarginai seen from side; note the intermarginal pedi- 
cellariae, X 9.6. 5b. Same; abactinal paxillae from interradial region 
of the disk, X 12. 5c. Same; abactinal plates from end of second 
third of ray, X 12. P. 200. 
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Plate 55. 

Fig. 1. Cheiraster triplacanthus, type ; twelfth and thirteenth superomargtnal 
plates showing the transverse series of 3 spines, and (x) the enlarRed 
accessory spinule, X 8. la. Same; fourth and fifth inferomarginal 
plates, and sixth to eighth adamhulacral plates. X 6.5. P. 205. 

2. Cheiraster ludioigi, type; sixth inferomarginal and ninth and tenth 

adamhulacral plates, X 6.5. 2o. Same; abactinal plates, X 9.6. 
P. 203. 

3. Benthopecten atyraeius, type; fourth supero- and inferomargint^ls, and 

seventh and eighth adamhulacral plates, X 6.5 3a. Same; abactinal 
plates, base of ray, X 9.6. P. 213. 

4. Benthopecten polycienius, type; third, fourth, and fifth inferomarglnals, 

the fifth sur>eroniarginal («t/p.), and the eighth and ninth adamhu- 
lacral plates, tlie eighth, without furrow spines, X 4. 4fl. Same: 
abactinal plates, base of ray, midway between two odd interradial 
superomarglnal plates, X 1.6. P. 211. 

5. Benthopecten moluccanus, type; abactinal plates from radial region at 

base of ray, on a transverse line between 2 odd interradial supero- 
marglnals, X 6.5. 5a. Same, cotyjie; third inferomarginal, and sixth 
and seventh adamhulacral plates, X 6.5. 56. Same, type; fourth 
superomarglnal, and adjacent abactinal plates, X 6.5. P. 208. 
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Plate 56. 

Figs. 1, 2. Cfihirastcr gazvlUic; large and small xpecinien, enlarged, abactinal 
view, p. 106. 
3,4. Rosastcr mamillatus ; actinal and abactinal views, enlargeil, p. 247. 
5. Ferdina glyptodisca; abactinal view, enlarged, p. 870. 

603 



Digitized by LjOOQ IC 



Plate 57. 

Fig. 1. Cerama,8tcr smithi; abactinal view of tyi>e, p. 257. 
2. Radiaster notabUU; ubactinal view of type, p. 217. 
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Plate 58. 

Fig. 1. Radiaster notabUis; actlnal view of type, enlarged, p. 217. 
2. Ceramastcr smithi; actlnal view of type, enlarged, p. 257. 
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B^iG. 1. PscudarvJiastcr oligoporus; abactinal aspect of type, p. 222. 
2. Aphroditaster microccramus ; abactinal aspect of type, p. 225. 
606 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. 69 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. €0 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



Plate 60. 

KiG. 1. Aphroditaster microccramus ; actinal view of type, p. 225. 

2. Paragonasier stcnostichus ; actinal surface of type, p. 232. 

3. Fseudarchatttcr oligoporus ; actinal surface of type, p. 222. 
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Plate 61. 

Pig. 1. Rosaster nannus, type ; abactinal aspect, enlarged, p. 244. 

2. Same, type; actinal aspect, enlarged. 

3. Roiaiter mamillatus; actinal view of type, enlarged, p. 247. 

4. Same ; abactinal view of type, enlarged. 
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Plate 62. 

Fio. 1. Rosaster mimicus; abactlnal surface of type, p. 250. 

2. Nymphaster dyacritua; abactinal surface of type, p. 266. 
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Plate 63. 

Fig. 1. Nymphaster mucronatus; abactlnal aspect of type, p. 260. 

2. Same ; actlnal aspect of type. 

3. Nymphaster euryplax; abactlnal aspect of type, p. 264. 

4. Nymphaster atopus; actlnal surface of type, p. 285. 
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Plate G4. 

Fig. 1. Nymphaatcr arthrocnemis, tyix* ; abactinal aspect, p. 277. 

2. Nymphasier aiopuSy type ; abactinal view, p. 285. 

3. Nymphaster moluccanu8, type ; abactinal view, p. 274. 
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Plate 65. 

Fig. 1. Rosaster mimicus, type ; actlnal view, p. 250. 

2. Nymphaster moluccanus, type ; actinal view, p. 274. 

3. Nymphaster dyscritus, type; actinal view, p. 266. 

4. Nymphaster arthrocnemis, type; actinal view, p. 277. 
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Plate (J6. 

Fig. 1. Nymphaster leptodoniuSj type ; abactinal view, p. 272. 

2. Nymphaster meaeres, type ; abactinal view, p. 280. 

3. Nymphaster hahrotatu8, type; abactinal view, p. 282. 
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Plate 67. 

Fig. 1. Nyniphaster leptodomus, type ; actinal view, p. 272. 

2. Nyniphaster mescres, type ; actinal view, p. 280. 

3. Nyinphasier hahrotatus, type; actinal view, p. 282. 
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Plate 68. 

Enlarged details of abactinal surface. 
Fig. 1. Nymphaster arthrocnemiSy p. 277. 
2. Nymphaster mesercs, p. 280. 
S. Nymphaster leptodomus, p. 272. 

4. Nymphaster hahrotatus, p. 282. 

5. Nymphaster muci'onatus, p. 269. 
0. Rosaster nannus, p. 244. 

7. Nymphaster moluccanus, p. 274. 
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Plate 60. 

Enlarged details of nctinal surface. 
Fig. 1. Nymphaster arthrocnemis, p. 277. 

2. Nympliastcr mcserca, p. 280. 

3. Nymphaster leptodomus, p. 272. 

4. Nymphaster fiabrotatus^ p. 282. 

5. Nympfiaster atopus, p. 285. 

6. Nymphaster mucronatus^ p. 269. 
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Plate 70. 

Enlarged details of abactipal^ and actinal surfaces. 
Fig. 1. Ronaster mimieus, actinal, p. 250. 

2. Paragonastcr fttcnostichuSj abactinal, p. 232. 

3. Paragonaster ctenipcs hypacantJiu9, abactinal, p. 228. 

4. Nympliaster atopuSj abactinal, p. 285. 

5. Aphroditaster microceramus, actinal, p. 225. 
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Plate 71. 

Fig. 1. Paragonaster stcnostichuft, type; abactinal aspect of type, p. 232. 

2. Paragonaster ctcnipea liypacanthns, type; abactinal view of type, p. 22?. 
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Plate 72. 



Kks. 1. Paragonaster ctenipes hypacanthus, tyjie; aetiiial surface, p. 228. 
2. Nymphaster euryplax, type; actinal aspect, p. 264. 
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Plate 73. 

Fig. 1. Perissogonastcr insignis; abnctinal view of type, reduced, p. 236. 
2. Atelorias anacanthus; abactinal aspect of type, reduced, p. 343. 
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Plate 74. 

Fio. 1. Peltastcr cycloplax; actinal surface of type, reduced, p. 200. 

2. Perissogonaster insignis; actinal surface of tyi)e, reduced, p. 236. 

3. Atclorias anacanthus; actinal surface of type, reduced, p. 343. 
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Plate 75. 
Pcltaster cycloplaXy type ; abactinal view, p. 290. 
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l^LATE 76. 

Fig. 1. Lithosoma actinomctra; nbactinal surface of type, reduced, p. 298. 

2. Lithosoma pcnivhra; actinal surface of type, enlarged, p. 301. 

3. Lithosoma actinomctra; actinal surface tyi)e, reduced, p. 298. 
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Plate 77. 

Pig. 1. Lithosoma penichra; abactinal surface of type, p. 301. 

2. Iconaater longimanus; actinal surface, p. 303. 

3. Pontioceramus grandis; abactinal surface of type, p. 294. 
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Plate 78. 

Fio.l. Anthcnoidcs crisfatug; nctinal surface of young specimen, enlarge<l, 
p. 329. 
2. Same; al)actinal surface of young specimen, enlarged. 
X Pontioveramns (frandis; actinal aspect of type, p. 294. 
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Plate 79. 

Figs. 1-3. SteUastcr incci; 3 specimens from station 5358, enlarged, to show 
variations, p. 326. 

4. Iconasier perierctus; abactinal surface of type, enlarpe<l, p. 306. 

5. SpJuieriodiscus scotocryptus ; abactinal surface of type, enlarged, 

p. 287. 
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Plate 80. 

Fig. 1. Stcllastcr incci; siM^oiinen from station 5483, slightly enlarged, showing 
absence of abactinal spines, p. 326. 

2. GoniodiHcastcr for/irulat us ; actinal surface, enlarixcd, p. 324. 

3. Same; abactinal surface. 

4. i:>phaeriodisniit scotocryptus; actinal surface of type, enlarged, p. 287. 
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Plate 81. 

Fig. 1. Astroccramus Honotus; nbaetinal aspect of type, p. 310. 

2. A8troceramu8 sphacriostictus ; abactlnal aspect of type, p. 313. 

3. Iconaster perurctus; actinal view of type, p. 306. 
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Plate 82. 

Fig. 1. Astroccramua lionotun; actinal view of type, p. 310. 

2. Asiroccramu8 sphavrioatictus ; actinal view of type, p. 313. 
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Plate 83. 

Enlarged details, both surfaces. 
Fig. 1. Peltastcr cycloplax; actinal, mouth to left, p. 290. 

2. I canaster pcrierctus; abactinal, p. 306. 

3. Same; actinal. 

4. Pontioceramus grandis; actinal, p. 294. 

5. Iconaster longimanus; abactlnal, p. 303. 

6. Sphaeriodiscus scotocryptus ; actinal, p. 287. 

7. Same; abactlnal. 
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Platk S4. 

P^'iG. 1. Lciaster analoffvn; actinal siirfaco (lrie<l, onlnrjred, p. 800. 

2. TAthosoma actinomctra : nbactinnl, natural sizo, p. 298. 

3. AHtroccramus lincmotiiff: abactinal, p. 310. 

4. Astroccramus sphavrioMivtun ; abactinal, p. 313. 

5. Ophidiaster trychnus; actinal, enlarged, p. 390. 

0. Lithosoma pcnwhra; abactinal, slightly enlargoil, j). 301. 
7. Afttroccramus sphuvrwHtictusi; actinal, p. 313. 
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Plate 85. 

Fig. 1. Lithosoma penichrn : ad inal surface, enlarged (r=21 iiim.), p. 301. 

2. Lithosoma actinomctra ; actinal surface, slightly re<luce<l, p. 298. 

3. Atelorias anacanihus ; actinal, p. 343. 

4. Anthenoidcs rugulosus; abactinal, p. 338. 
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Pt.\te 86. 



KiG. 1. CaUiaatcr cor\nu'tcH; abnetinal view of type, p. 316. 

2: Astrothauma euphylavieum ; nbactlnal aspect of type, p. 320. 
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Plate 87. 

Fig. 1. Calluistcr corynHcH; aotinal view of type, p. 316. 

2. Astrothnuma euphylactcum; actlnal view of type, p. 320. 
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Plate 88. 

Fig. 1. AnthcnoidcH cristatuft; yoiiii^ si)e<*lmen, rtnluced, p. 327. 

2. AnthcnoiftvH granulosus ; actinal surface of a drieil 8i)eclraen; reilucetl, 

p. 333. 

3. Same; abactinal aspect of type, re<luced. 

4. Anthcnoidcs rugulosus; abactinal view of tyi^e, re<luced, p. 338. 
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Plate 89. 

Fig. 1. Anthenoidcs criatatus; abactlnal view of full-grown specimen, reducetl. 
p. 329. 
2. Anthenoidcs lithosorus; abactlual aspect of type, reduced, p. 336. 
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Plate 90. 

Fig. 1. Anthenoides rugulOHun; actinal surface of type, enlarged, p. 338. 

2. Anthenoides UthosoruH; actinal surface of type (dry), enlargrtl, p. 'X\(\. 
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fLATE 91. 

Fio. 1. Aphroditaster viwroccramms, type ; 3 nbactinnl plates, rmlial rejiion. 
X 9.6. la. Same; an abactlnal plate from side, X 9.6. P. 225. 

2. PBcudar chant er oligoporus, type: fifth adambulacral plate, and 3 adja- 

cent actlnal Intermediate plates. 2a. Same; 2 abactlnal plates, X 9.6. 
P. 222. 

3. Rosastcr nannus, type ; 2 proximal adambulacral plates, X 9.6. 3fl. 

Same ; median radial plate, adjacent to the primary radial, X 20. 
36. Same; abactlnal plates from the coelomlc side; a, anus; r—a, 
radial line of plates: ir— a, Interradlal line of plates. P. 244. 

4. Rosaster miinicuSy type; seventh adambulacral plate, and parts of 2 ad- 

jacent actlnal plates. 4a. Same ; an actlnal Intermediate pe<llcellaria. 
4b, Same; abactlnal plates from the coelomic side; r — r, radial plates; 

2 plates of either adradial series are shown, and several plates from 

the interradlal rejjlon, X 6.5. P. 250. 

5. Roaaster mamillatus, tyiH»; a radial (left) and 2 adradial plates, X 9.6. 

5a. Same; fourth superomarjclnal from tip of ray showing the tubercle; 
to the right, 2 abactlnal plates are shown which separate the 2 series 
of superomarginals, X 9.6. P. 247. 

6. Rosatttcr symbollcus ; 3 radial plates to the left, and 2 adradial to the 

right, showing the internal connecting ossicles, X 6.5, P. 253. 

7. CcramaHicr ftmithi, type; abactlnal plates of radial area from coelomic 

side, X 9.6. 7a. Same; fourteenth and fifteenth adambulacral plates, 
X 9.6. 7b. Same; one of the proximal radial phites, X 9.6. 7c. Same; 
an adradial plate, X 9.6. P. 257. 

8. Perissogonastcr insignlH, type ; twentieth adambulacral plate, X G.5. 

8a. Same ; rfldlal paxilla from disk, X 9.6. P. 236. 

9. Paragonastcr ctcniprs hj/p(wanthv8; radial paxilla or plate, X 9.6. 

9a. Same; seventh adambulacral plate, X 6.5. P. 228. 
10. Paraf/anaslvr strnofttichuH, tyiK? ; fifth and sixth adambulacral plates, 
X 9.6. lOtt. Same ; a paxilla from the radial series, X 9.G. P. 232. 
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Plate 92. 

Fig. 1. Nyinphastcr mucrotwtvs, tyi»e: a radiiil aluictinnl plate* from midway 
between center and base of ray, X 9.G. In. Same; thirteenth adam- 
bulaeral plate, X 6.5. P. 2C0. 

2. Ni/mphastcr Icptodomuft, typt»; 2 consecutive radial plates, X 9.0. 2a. 

Same; sixteenth adambnlacral plate, X 9.0. 2h, Same; abactinal 
pedicellaria, X 12. P. 272. 

3. Xjpnphafttrr moliiccanus, tyi)e; radial plate, from middle of radial 

area, X 6.5. 3ri. Same; st»vente<Mith adambnlacral plate, X 6.5. 3/>. 
Same; actinal intermediate pedicellaria from plates adjacent 'to 
adambulacrals. P. 274. 

4. Xymphaster niescres^ type; radial plate, X 9.6. 4a. Same; tenth 

adambnlacral plate (the first to touch an inferomarjrinal plate), 
X 9.6. P. 280. 

5. Xyniphastvr di/Hcrituft, type; proximal radial plate, X 6.5. 5r/. Same; 

sixteenth adambnlacral plate, X 6.5. i)h. Same; iwdicellaria from 
an adambidacral plate. P. 266. 

6. Xinnphastcr euryplax, type; sixteenth and sevente4»nth adambnlacral 

plates, the latter beinjf the first to t<mch an infenmnirpjinal at ba.se 
of ray, X 6.5. 6«. Same; radial plate from middle or radial area, 
X 6.5. 6/i. Same ; pedicellaria. P. 264. 

7. Xymphastvr atopus^ type; abactinal plates fnnn radial area, X 9.6. 

• 7a. Same; sixth adambnlacral plate (the hist one adjacent to an 
actinal intermediate plate), X 9.6. P. 285. 

8. Kymphastcr habrotatus, type; fifteenth adambnlacral plate, X 6.5. 8f/. 

Same; peilicellaria on third adambnlacral plate. P. 282. 

9. Nymphafiter anthrocnemtH, type; a proximal radial plate, X (5.5, and 

below an abactinal pedicellaria much eidar^ed. 9/). Same; twelfth 
adambnlacral plate. P. 277. 

10. SphaeriodUiCUH Hcotocryptuft, type; fourth adambnlacral plate, X 9.6 

10a. Same; proximal ra<lial plate, X 9.6. P. 287. 

11. PcliaHtcr vyvhtplajr, tyi>e; radial plates, with secondary plates, from 

the coelomic side, X 6.5. lla. Same; eighth adambnlacral plate, 
X 6.5. 11^;. Same; actinal intermediate iiedicellaria, open. lie. 
Same; closed, X 9.6. lU/. Same; abactinal pe<licellaria, X 9.6. 
P. 290. 
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Plate 93. 

Fio. 1. Iconaster perierctus, type; primary radial plate (pr), 2 radial plates, 
and 2 adradial plates, la. Same; nintli and tenth adambulacral 
plates. P. 306. 

2. TcofWHter longimanus; 2 radial plates (r), and 2 lateral series, sbowin? 

the peculiar marginal granules and pedicellariae, X 9.6. 2a. Same: 
fifteenth adambulacral plate (at base of narrow part of ray), X 9.6. 
P. 303. 

3. LithoHoma actinomctra, type ; tenth adambulacral phite, X 6.5. 3a. 

Same; 2 radial plates, X 6.5. P. 298. 

4. Pontioccramus grandiSj type; twentieth adambulacral plate, X 6.5. 4a. 

Same; radial plate near center of disk, X 6.5. 46. Same; an actlnal 
intermediate pedlcellaria, X 9.6. P. 294. 

5. CalliaHter corynctvH, type; eighth ami ninth adambulacral plates, and 

X 9.6 5«. Same, station 5248; furrow face of adambulacral plates. 

Same; abactinal plates, the 2 on the left being the third and fourth 
from the primary radial ; lower plate adcentral, X 6.5. P. 316. 

6. Lit,ho8(ytna pcnichra, type; the 2 plates to the left are from the radial 

series ; 1 adradial plate with i)edicellaria, X 9.6. 6a. Same; fourteenth 
adambulacral, and 2 adjacent actlnal plates, X 9.6. 06. Same; from 
station 5123 ; corresponding plate to that shown in 6a, X 9.6. P. 301. 

7. Astrothauma cuphjflacteum, type; tip of ray, showing the enlargetl 

distal supercmmrginals, X 3.2. 7a. Same; adambulacral plate, X 6.5, 
76. Same; actinal intermediate pedlcellarla, enlarged. 7c. Same; on 
right, fourth to sixth radial plate from rho primary radial ; ** «dradials 
on the left, X 6.5. P. 320. 
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Pt.atk 01. 

Fig. 1. AHtroccramus npJiacriosiivtus, type; fourth and fifth adambulacrnl plates 
and adjacent actinal plate, X 9.6. la. Same; a radial plate, X 0.5. 
P. 313. 

2. Astroccramus lionotus, type; fourth and fifth adambulacral phites and 

adjacent actinal plate, X 9.0. 2ft. Same; 2 radial plates, X 0.5. 
P. 310. 

3. Aiclariaa anacanthus, type; sixth adambulacral plate. 3ff. Same; ac- 

tinal pe<licellaria near adambulacrals. 30. Same; radial plates; 2 
plates have been treate<l with caustic iwtash to show granules, X 0.5. 
P. 343. 

4. AnthenoUtcs yranuloHus, station 5024; seventh adambulacral plate, X 0.5. 

4«. Same; an actinal pedicellaria ; below, one jaw from side, X 12. 4b. 
Same ; abactinal pe<licellariae, dry, X 9.0. P. 333. 

5. Anthciioides rugiilogus, type; seventh adauil»ulacral plate; specimen not 

dry. X 5. 5a. Same; actinal pedicellaria adjacent to adambulacral 
plate, X 12. ryh. Same; small i)ortlon of abactinal surface in radial 
region, bhowing 2 pedicellariae and wrinkled skin, X 12; p., papulae; 
pd., petlicellariae. 5c. Same; closei? pedicellaria. P. 338. 
0. Anthenoides lithosorus, tyjie, dried; eighth adambulacral plate, X 5. Ort. 
Same; actinal intermediate pedicellariae, adjacent to furrow^, X 0.0. 
P. 330. 

06. Same; a peillcellaria and a granule, X 9.0. Oc. Same; abactinal 
pediceUaria from side, X 10. 

7. HalitiiJe rcffuhirU, type; actinal view of 2 adambulacral plates, and a 

portion of an intermediate plate, X 5. In. Same ; dried specimen ; fur- 
row face of an adambulacral plate; on either side the furrow spines 
have been remove<l to show actinal surface, X 9.0. P. 302. 

8. Pcntaceropsia tylodvrma, type; 2 adamblacral plates from middle of 

ray, furrow margin to right; the subambulacral spines have been 
removed from the distal plate, X 0.5. 8a. Same; actinal interme<liate 
pedicellaria opp<Ksite third adambulacral plate, X 9.0. Sb. Same; 
abactinal pedicellariae from papular area, middle of radial region, 
much enlarged. P. 350. 
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Plate 95. 

Fio. 1. Asterodisms hclonotun, type; tubercles on central portion of disk, X 6. 
la. Same; 2 adanilmlacral plates, X G.5. P. 857. 

2. Fromia custicha, t.vi)e ; fourteenth and fifteenth plates, X 9.6. P. ST."*. 

3. Fromia hcmiopJa, tyiHj; 2 adanibulacral plates from proximal third of 

ray, X 9.6. P. 377. 

4. Ferdina glyptodisca, type; furrow face of an adambulacral plate, mid- 

dle of ray, the adoral side to right, X 9.6. 4a, Same ; the adambulacral 
spines setMi from the actiual surface; the dotte<l lines indicate the 
limits of a plate; adoral side of plate, below, X 9.6. 4b. ^ame: 
intejniinent adjacent to iMisal plate (part of which is shown on the 
left) showing? the granules, X 9.6. P. 370. 

5. Ophidiastcr fuscns, station 5248 ; actlnal view of 3 adambulacral platea. 

X 9.6. 5ff. Same, station 5248 ; ; furrow face of adambulacral platen 
X 9.6. 56. Same; an adradial plate, showing tul)ercle, iieilicellaria. 
and adjacent paimlar area, X 9.6. 5c. Same, station 5641; a pe*ii<vl- 
laria, enlarge<l. P. 388. * 

6. OphidiaMfcr trychnuH, type; adambulacral plates, base of ray. X 16. 

6fl. Same, cotyjie; an abactlnal pedlcellaria, X 16. Gb, Same, coiype: 
the form or alveolus of an abactlnal pedlcellaria, X 16. 6c. Same, 
type ; furrow face of 2 adambulacral plates, X 16 ; arf., adoral si<le. 
Gd. Same, type ; radial plates, near ba.^e of ray, X 16. P. 390. 

7. Leiastcr analogus, .stathm 5165, drle<l ; adambulacral plates, X 9.6. 

P. 396. 

8. BinwHtcr Uthodcn, type; actlnal surface, near ba.se of ray. X 12: 

adambulacral plates to right; the subambulacral spines are in the 
middle. 8rt. Some; a i>edlcellarla from an abactlnal plate, in an iuter- 
radlus, much enlarged. 8ft. Same; abactlnal granules and pedicel- 
larlae, much enlarged. P. 398. 

9. Nardoa tiimulosa, station 5160; 2 adambulacral plates near middle of 

ray, X 6.5. P. 386. 
10. Ualitylc rcffularh; abactlnal plates from the middle of the radial repor*. 
and from the coel(»mlc side, natural size. P. 362. 
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Pl^VTE 96. 

Fig. 1. AHtvrodUivua hclonotus, tjiM? ; abnctinal surface, p. 357. 
2. Same; jjortion of actinal surface. 
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Plate 97. 

Fio. 1. Pcntaccropsis tyloderma, type; nbactiiiul surface, p. 350. 

2. Aatcrodiscus clegans; specimen photographed from side, p. 355. 
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Plate 98. 

Kio. 1. Hnlitylc rvfjularu; actinal surface of tyiie, reduced, p. 362. 
2. PeiitaceropsiH tylodvrma; actinal surface of type, p. ^."H). 
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Plate 99. 

Halityle regularis, tyi)e. 

Fig. 1. Specinioii photoj^rnpluHl from side to show inar$;inal plates, reduced. 
p. 362. 
2. Abactiual view, showing the regular papular areas, reilucetl. 
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Plate KK). 

['i(s. 1. PcntacvropsiH tylodcrma ; portion of r/ulini region of nbnctinal surface, 
enlarged, p. 350. 

2. Unlitylc rcgiilaris; side of body showing marginal [ilates and end of ray, 

p. 362. 

3. Same; apical area showing the regular papular areas. 
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Plate 101. 

Fig. 1. Orcaster alrcolatus; abactfnal view, reduced, p. 348. 
2. Asterodiscus vlcgans; abactinal view, p. 355. 
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Plate 102. 

Fig. 1. THssogcncfi ntyracia; portion of actinal surface of type, enlarRo<l, p. 3(»S. 
2. Oreaster nodosus; abaetlnal surface, reduced, p. 346. 
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Plate 103. 

FiG.l. Dissogcnes styracia ; abnrtinal aspei»t of type, p. 368. 

2. Ophidiastcr irychnua; abactinal view of type, enlarged, p. 300. 

3. Same; actlnal view of type, enlarged. 

4. Ophidiastcr fuftcus; actinal aspert, p. 388. 
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Plate 104. 

FiiG. 1. Ophid Ulster fiiavus; abuetinul view, enlarged, p. 388. 

2. Ferdina ylyiitodinva ; abactiiial view, enlarged, \i. 370. 

3. Icofuister lonyimanus; abactlnal view, eidarged, p. 303. 
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Plate 105. 

Fig. 1. Fromiu custicha, type ; abnctinal view, outer part of one ray with gran- 
ules removed to show plates, p. 375. 

2. Fromia hcmiopla^ type; abactlnal view, p. 377. 

3. Nardoa semircgularis ; abactlnal aspect, p. 383. 

4. Fromia japonica; abactlnal view, p. 373. 

5. Nardoa aquamulosa; abactlnal view, p. 383. 
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Plate 106. 

Fio. 1. Fromia custivha, type; actiiml surface, p. 375. 

2. Fromia japonica, station 5251 ; actlnal surface, p. 373. 

3. Framia haniopla, type; actiiml surface, p. 377. 

4. Ferdina ylyptodisca, type; actiual surface, p. 370. 
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Plate 107. 

Enlarged details of abactinal and actinal surfaces. 
Fig. 1. Fromia japoniea; actinal. p. 373. 

2. Fromia hemiopla; abactinal, p. 377. 

3. Fromia custicha; abactinal, p. 375. 

4. Fromia hemiopla; actinal, p. 377. 

5. Fromia custicha; actinal, p. 375. 

6. Ophidiastcr trychnus; al)actinal, p. 390. 

7. Fromia japoniea; abactinal, p. 373. 
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Pr^TK 108. 

Fio. 1. Nardoa nwllU; Mer Island (Murray Islands), Torres Strait. (M. O. Z. 
Coll.) P. 381.. 

2. Nardoa novae-caJcdonUic ; Mer Island. (M. C. Z. Coll.) P. 379. 

3. Nardoa pauciforin; No. 2322, Museum of Comparative Zoiilogy, Mer 

(Murray Islands), Torres Strait. P. 381. 

4. Nardoa varioJata, Mauritius. (M. C. Z. Coll.) P. 379. 
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Plate 109. 

FiQ. 1. Nardoa frianti; abactinal surface, p. 385. 

2. Nardoa tvmnlosa; abactinal surface of type, p. 386. 

3. Patiriella cxigua; abactinal surface of a specimen from Panbutan Bay, 

p. 416. 

4. Same; actinal surface of same specimen, enlarged. 
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Plate 110. 

Fig. 1. Nardoa tuhcrculata; abnctinal surface ; p. 384. 

2. OphUHantcr dubiosns; abnctinal surface, eiilarpe^l, p. 304. 

3. Anxcropoda macrojMtra ; nbactinal surface of tyiie,- enhirged, p. 424. 

657 



Digitized by LjOOQ IC 



Plate 111. 

Enlarged details of abactinal and actinal surfaces. 
Fig. 1. Nardoa squamulosa; abactinal, p. 383. 

2. Nardoa tumnlosa; abactinal, p. 386. 

3. Nardoa frianti; abactinal, p. 385. 

4. Ophidiaster dubiosus; abactinal, p. 394. 

5. Ophidiaster fuscus; abactinal, p. 388. 
C. Saire: actin"!. 
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Plate 112. 

Fkj. 1. Leiastt'T analogusj type; obactiiml aspect, showing also the side and 
actinal surface, p. 396. 
2. Echinastcr vallosus; actinal asiiect, sliowing also the side of 2 rays, 
p. 428. 
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Plate 113. 

Fig. 1. Ncpanthia jovbini; abnctinal surface, enlargetl, p. 423. 

2. Same; actlnal surface, enlarged. 

3. Ncpanthia maculata; abactinal surface, enlarged, p. 422. 

4. Same; actlnal view, enlarged. 
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Plate 114. 

Fig. 1. Parancpanthia platj/diHca ; abaetinul surface of tyi»e. The spinelets 
have been removed from an area of one ray, p. 420. 

2. Aittcrinopsis pediccUaris ; actinal view of tyi)e, p. 417. 

3. Same; abactinal view of type. 

4. Parancpanthia platydinca; actinal asi)ect of the type, p. 420. 
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Plate 115. 

Fig. 1. Astcrina coronata cucrccs; abactlnal aspect of tyi)e, enlargeil, p. 414. 

2. Same; actinal view of type, enlarged. 

3. Astcrina coronata crista ta ; abactlnal. view of type, p. 411. 

4. Astcrina ccphcus; abactlnal view, enlarged, p. 411. 
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Plate 116. 

Enlnrp:e(l details. 
Fros. 1,2. Asterina coronata encrccs; type, p. 414. 

3. Zoroaster carinatns phUipiyincnsiH ; spines cleaned from a portion 
of ray, p. 477. 
4, 5. Paranepanthia platydisca; type, p. 420. 
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Platk 117. 
Acanthasier hrvrispimis; abnctinal view of type, p. 442. 
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Plate 118. 

"ks. 1. AcnnthfiMtcr hrcnftinnuit ; portion of actinnl surface, p. 442. 

12, 3. Hmvicia dniHinpiiui ; eiilarfrcHl. p. 43G. 

4. Hcnricin arryatata ; portion of ray much enlarged, p. 439. 

5. Ilcnneia arcj/fttata ; actiiial view, enlargecl. 
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Plate 119. 

Fig. 1. Henriria dcnHispina ; aotinal surface of siK»clnien from station iVi23. 
p. 436. 

2. Same; abactlnal view of another specimen from station 5523. 

3. Same; abactinal view of si>ecimen from station 5519. enlarpecl. 

4. Hcmicia arcystala; portion of abactinal and lateral aspects of 2 rays of 

type, enlarged, p. 439. 
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Plate 120. 

ITiG. 1. Xvnorias poJyctcnius ; actinal view of tyi)e, p. 451. 

2. Henrivia arcystata ; actiiml view of type, p. 439. 

3. Henricia microplax; actinal asi)ec*t of type, p. 437. 

4. Taracluistcr tenuis; abactiiial view of tyi)e, p. 402. 

5. Henricia inieroplax; abactiiial view of tyi)e, p. 437. 
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Plate 121. 



Fio. 1. Asterinoima pediccllaris; type, uctiiml view, enlarpod, p. 417. 

2. Hcnricia microplaj' ; type, abactinal view, eularjred. p. 437. 

3. Taravhastcr tcnuia; type, actliml view, eiilargetl, p. 402. 
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Plate 122. 

Fio. 1. Othilia purpurea; abactinnl view, p. 432. 

2. Evhina«ier stcrcosomus ; actiiml surface of type, p. 430. 

3. Same; abactinal surface of type. 

4. Eehinustcr callosus; abactinal surface of younj; siHJcInieu, p. 428. 

5. Same; actlnal surface. 
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Plate 123. 

Fig. 1. Xcnorius polyctcnius; abactinal view of type, enlargeil, p. 451. 
2. Lophaater suluensia; ubactlnal view of type, enlarged, p. 449. 
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Plate 124. 

Fig. 1. Crossastcr scotophUus; abactinal view of type, partly dry, enlarged, 
p. 447. 

2. Hymenastcr bartachi; abactinal view of type, p. 465. 

3. Lophastcr snlucnsis; actinal surface of type, enlarged, p. 449. 

4. Bunaster lithodes; abactinal view of type, much enlargetl, p. 398. 
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Plate 125. 
Solaatcr tropicus; abactinal view of type, p. 444. 
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Plate 126. 

Fig. 1. Tarachastcr tcnuifi: jictiiml viow of type, eiilarjred ; the rays are t\viste<l 
so as to show also the side anil dorsum. The plates of one actinal 
interradial area have be(»n denuded, as also a portion of the actinal 
surface of one ray, p. 402. 
2. i^olaMtrr tropicus; actinal .*«urface of tyixs p. 444. 
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Plate 127. 

Fig. 1. Ptcrastrr ohcHus mj/onotus; abactinnl view of tyiie, p. 458. 

2. Ptcranter corjmctcs; actin.nl view of typt?, p. 456. 

3. Same ; abartinal view of type. 

4. HymcnaHtcridcs zcnoffnatfius : actlnal view of type, p. 468. 

5. Same; almctinal view of type. 
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Plate 128. 

Fig. 1. Ptvrastcr corynctcs; actiiml view of tyiK?, onlarf^ed, p. 456. 

2. HymcnaHtvridcs zvnotjnathus; actiiml asin^ct of tyiH?, much eiilargtKl, 

p. 468. 

3. Ptcraatf'r obcsuH myonotiis; actiiuil view of type, enlarj^ed, p. 458. 

675 



Digitized by LjOOQ IC 



Plate 129. 

Hymcnastcr rhodopcplus ; abactlnal view of type, enlarged, p. 463. 
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Plate 130. 

Fig. 1. Hymcnastcr rhodopepUm ; actinal view of tyiK?, p. 463. 

2. Diploptcraster multipes patat/iatus; abactinul view of type, p. 462. 
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Plate 131. 

Fig. 1. Dissogenes styracia, tyi)e; radial plates, base of ray, X 6.5. la. Same: 
fifth and sixth adambulacral plates X 6.5. 1&. Same; abactinal plates 
with the granules removed, near middle of ray, X 4. P. 368. 

2. Marginaater paudspinuSj type; actinal surface showing last 5 (third to 

seventh) inferomarginal plates, and distal adnmbulacrals, X 9.6. The 
last 2 marginals are partly hidden; ink, actinal Intermediate plate. 
2a. Same; abactinal surface, showing arrangement of plates, X 5: 
by primary basal ; r, primary radial ; «m i, the first superomargtnal ; 
tr, interradial line. P. 407. 

3. Anseropoda macropora, type ; external view of abactinal plates, sho^^-'ing 

the enlarged plates surrounding the papular pores ; r, the radial series 
of plates, X 16. 3a. Same (cotype; one of the proximal papular pores, 
with enlarged and normal plates, X 16. 36. Same ; 2 adambulacral and 
3 adjacent actinal intermediate plates. P. 424. 

4. Asterina coronata cristata, type; an adambulacral plate and an actinal 

intermediate plate, int., X 9.6. 4a. Same ; abactinal plates adjacent to 
the radial line, showing, on the right, 2 of the enlarged plates, X 12. 
P. 411. 

5. Asterina coronata euerces, type; an adambulacral plate, and an actinal 

intermediate plate to the left (int.), X 20. 5a. Same, type; abactinal 
plates of disk, near the Interradial line (ir), each with a pedicellaria 
(pcd.), X 12. P. 414. 

6. Acanthasterhrevispinnfi, cotype ; 3 adambulacral plates, X 6.5; the upix*r. 

which is distad, has the furrow spines removed to show the furrow 
pedicellaria beneath (//>) ; note the subambulacral pedicellaria (ped.). 
6a. Same ; 2 abactinal spines, X 12. 6&, c, d. Same ; 3 abactinal pedl- 
cellariae. P. 442. 
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Platk 132. 

Fio. 1. Parancpanthia platyditica, type; eleventh and twelfth adambulaoral 
plates with the 2 adjacent aetinal intermediate plates {int.) X 9.6. 
la. Same"; an adambulacral and an intermediate plate {int.), middle 
of ray, X 9.6. 1&. Same; abactinal plates, middle of ray; the arrows 
mark the division between the radial and lateral areas ; X 9.6. P. 420. 

2. Asterinopsis pcdicellaria, type; an abactinal plate from near interradius 

X 16. 2a. Same, tenth to twelfth adambulacral plates, with adjacent 
intermediate plates {int.), X 16. P. 417. 

3. Hcnnvia tn wropla x, ty\\e; furrow faco of an adambulacral plate, X 8. 

P. 437. 

4. Hcnricia arcyatata, type; profile view (adoral side) of the fifth adam- 

bulacral plate, X 8. P. 439. 

5. 5a-5c. Echinastcr vallosus-; deposits in skin of large specimen, X 400. 

5d, 5c. Same ; station 5138 ; deposits in skin of .small specimen. P. 428. 

6. 6«-6o. Echinastcr stcrcosomus, type ; dejiosits in skin, X 400. P. 430. 

7, 7a, 7b. Othilia purpurea, station 5160; deposits in the skin, X 400. 

P. 432. 
S. Lophaster auluensis, type; seventh and eighth adambulacral plates, 

aetinal Intermediate plates, fourth, fifth, and sixth Inferomarginals 

(i) and 2 superomarglnals («). 8a. Same; adradlal paxlllae, ba.«<e 

of ray. P. 449. 
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Plate 133. 

Fig. 1. Xenorias polycteniuSj type; 2 adambulacral, 3 adjacent inferomargiiial 
(i) and 2 superomar^inal plates («), X 8. la. Shme; superomarp- 
nal and inferomarginal plates from the side, X 6.5 ; the spines point 
toward the end of the ray. 16. Same; abactinal pseudopaxillae, ba« 
of ray, X 6.5. P. 451. 

2. Solaster tropicus, type; thirteenth and fourteenth adambulacral. and 

adjacent actinal plates, showing the heavy investment of the spines, 
X 5. 2a. Same ; abactinal plates, dried, from near median line and 
the proximal third of ray, X 6.5. 26. Same ; abactinal pseudo- 
paxillae with the integument covering the plates and spines. P. 444. 

3. Crossaster scotophilus, type ; fourteenth and fifteenth adambulacrals and 

adjacent inferomarginal plates, X 8. 3a. Same; abaictinal plates at 
base of ray and near median line, X 6.5. P. 447. 

4. Pterasttr obcsus myonotuH, tyi>e; mouth plates, X 6.5. P. 458. 

5. Pteraster corynetea, type; a paxilla from the side, showing 5 charac- 

teristically formed spines, X 12. 5a. Same ; paxiUae and the supra- 
dorsal membrane near center of disk, X 6.5. P. 456. 

6. Hymena%ter rhodopeplva, type; second and third adambulacral plates, 

X 8. P. 463. 

7. Hymenaster hartschi, tyi)e; second adambulacral plate, X 8. P. 465. 
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Plate 134. 

Fig. 1. Hpmenastcrides zenognathus, type; oral angle showing mouth plates 
and the first 6 adambulacral plates of one side, 3 of these are obviously 
"prominent" plates (p) and between them are the alternate smaller 
adambulacrals, each with 1 spine inp), X 8. P. 468. 

2. Myxaster medusa, type ; abactinal plates from the inside, X 8. 2a. 

Same ; adambulacral plates denuded of spines ; the furrow margin is 
toward the left; X 4. 2 &, c, d. Same; 3 abactinal plates, disassociated; 
the attachment point of the spines is shown by the slight bosses on 
the plate, X 8. 2e, Same ; oral angle, with mouth plates and 2 
adambulacral' fans on either side, X 2.5. P. 454. 

3. Cnemidaster tcyvillii, station 5582; 2 prominent adambulacral plates. 

and between them a " nonprominent " plate, X 8. 3a. Same, 
station 5607 ; 3 " prominent " and 2 nonprominent plates ; a nonpromi- 
nent plate, and a prominent plate without spines, X 8. P. 480. 

4. Zoroaster microporus, type ; the furrow proje<*tion of a prominent plate 

from the adoral side, showlug 3 furrow spines. 4a. Same; a "promi- 
nent " and a " nonprominent " plate, actinal view, X 8. P. 475. 
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Platk 185. 

Fig. 1. Bylhiolophua acanthinus, type; abactlnal plates and on the left 3 seriw 
of lateral plates; c, carlnal or radial series; «, superomarginal plates; 
the spines have all been removed, X 4. la. Same ; 3 adambulacral 
plates, from proximal third of the ray, X 9.6 ; on the right 2 lateral 
spines of the lowermost series are shown. 16. Same; a pedicellaria 
from an adambulacral spine, enlarged. Ic. Same; cross section of a 
ray X 3.2 ; c, carinal plates ; «, superomarginal plates ; t, inferomargl- 
nal plates; «a, superambulacral plates. P. 484. 

2. Zoroaster ophiactis, type ; 2 adambulacral plates, X 8. 2a. Same, 

station 5684, specimen with R=120 mm. ; 2 adambulacral plates. 
26. Same, type; side view of ray showing spines and pedicellariae. 
X 8 ; 1 large spine Is shown from each of the 3 lowest tiers of lateral 
plates, near base of ray. P. 473. 

3. Zoroaster caiinatus phiUjypincnMs, type; 2 adambulacral plates; 

the adoral side is below ; X 8. 3a. Same, type ; profile view from 
adoral side of a prominent adambulacral plate, X 8. P. 477. 

4. Coronaster volsellntua; major i)edioellarIa, length about 1.75 mm., X 20 

4a. Same ; another view of a major pedicellaria. P. 496. 
5. Coronaster halicepus, type; a major pedicellaria, length about 1.5 
mm., X 20. 5a.. Same ; profile view of a major pedicellaria, X 20. 
P. 497. 
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Plate 136. 

Fio. 1. Zoroaster ophiactiSf type ; the longest ray reaches to lower right corner 
of plate, p. 473. 
2. Zoroaster microporus, type; a mutilated ray on the rijrht side has the 
plates denuded, p. 475. 

683 



Digitized by LjOOQ IC 



Plate 137. 

Zoroaster carinatus philippinensU, abnctinal view of the type (largest) and 
2 partly grown specimens, reduced, p. 477. 
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Plate 138. 
Cnemidaster wyvillii, abactinal aspect. 

Fig. 1. Immature specimen, p. 480. 

2. Mature specimen. 

3. Disk of 1, considerably enlarged. 
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Plate 139. 

Fio. 1. Bythiolophus acantkinus; abactinal aspect of type, enlarged, p. 485. 

2. Same ; portion of actlnal surface of tyi)e, enlarged, p. 485. 

3. Zoroaster ophiactis; portion of actlnal surface of type, enlarge<l, p. 473. 

4. Zoroaster microporus ; portion of actlnal surface of type, slightly en- 

larged, p. 475. 
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Plate 140. 
Coronnstcr haliccpuH; disk and 4 rays of typo, p. 497. 
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Plate 141. 

Fig. 1. Tarsaster distichopus; abactinal view of tyi)e, enlarged, p. 490. 

2. Distolasterias hypacanthus; abactinal view of cotype. p. 487. 

3. Same; actlnal view of type. 
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Platb: 142. 

Fig. 1. Odinia penUhra, type; abactinal view enlarged; side view of terunual 
portion of ray on tlie right, p. 505. 
2. Pedicellaster cMrophorus, type ; abactinal aspect, enlarged, p. 499. 
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Plate 148. 



Fig. 1. Odinia magistcr^ type ; abactinul n.spect of ray, reducod, p. 507. 

2. Same; lateral aspect of ray. A piece of black paper has been placed 

back of 2 lateral combs. 

3. Craterobrisinga eucorynCf type ; lateral view of ray, p. 514. 
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Plate 144. 

Kic. 1. Freyellastcr spatnlifcr; type, enlarged, p. 538. 

2. Odinia magisier; side view of ray, enlarged, p. 507. 
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Platk 145. 
Brlainga trachydisca; abactinal view of type, reduced, p. 510. 
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Plate 146. 
Brisingenes anchista; abactinal view of type, reduced, p. 521. 
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Plate 147. 

Fir.s. 1, 2. Astrostephane moluccana; abactiDal view of costal region of a ray and 
disk of the type, p. 526. 
3, 4, 5. Brisingenes mirrica; the disk, and 2 rays of the type, p. 518. 
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Plate 148. 

Figs. 1, 2, 3, Astrostephane acanthogenys ; type. Fig. 1 is much enlarged, ^p.' 528. 
4,5,6. Craterobrisinga eucoryne; disk and 2 rays of type, p. 514. 
7,8. Craterobrisinga analoga; disk and ray of type, p. 516. 
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Plate 149. 

Enlarged details of rays. 
Fig. 1. Craterohrisinga analoga; side view, p. 516. 

2. Craterohrisinga eucoryne; side view, p. 514. 

3. Astro8tephane moluccana, p. 526. 

4. Brisingenes mimical p. 518. 

5. Brisinga trachydisca, p. 510. 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSeUM KJLJJE^V -S2l VOC^ S Pl^ !• 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by 



Gcxigle 



U. 8. NATIONAL MUSEUM BULLETIN 100. VOL. 3 PL. ISO 



Starfishes of the Philippine Seas and Adjacent Waters. 



Digitized by LjOOQ IC 



Plate 150. 

Stegnohrisinga pldcoderma, type. 

Fig. 1. Enlarged view of a portion of the costal region of a dried ray, p. 531. 
2. Abactlnal view, reduced. 
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Plate 151. 

Fig. 1. Coronaster haliccpuSy type; an inferomarglnal spine, and 5 adambn- 
lacral plates, showing major and mlnoF pedlcellariae, X 6.5. la. 
Same; mouth plates; 2 large major pedlcellarlae are attached on the 
njlddle of the actluostomlal margin ; X 6.5. 15. Same ; a pedicellaria 
(length, 1.25 mm.) from adambulaeral plate, X 40. Ir. Same; a 
pedicellaria (length, 0.58 mm.) from a superomarginal spine, X 60 
(compare with 2, 2a). Id. Same ; a pedicellaria from skin of side wall 
of ray. P. 497. 

2. 2a. Coronaster volseUutuSf station 5391 ; pedlcellarlae from marginal 

spines (4ength, 0.45 mm.), X 60. 26. Same; large pedicellaria from 
adambulaeral plate, X 40 (compare with 1&). 2c. Same; pedicellaria 
from skin of side of ray (compare w^ith Id). P. 496. 

3. Odinia penichra, type; thirteenth to fifteenth adambulaeral plates. 

costal region, X 8 ; one lateral spine and plate are shown. P. 505. 
3a. Same; articulating surface of ambulacral plates of disk, where ray ha.s 
been broken off, X 8. 36. Same ; mouth plates and first pair of 
adambulacrals, X 8. 3e. Same; pedicellaria (length, 0.25 mm.) 
from small furrow spine, near base of ray, X 160. 

4. Odinia magister, tyi)e; a pedicellaria from a subambulacral spine 

(length, 0.13 mm.), X 200. P. 507. 

5. Distolnatcriaa hypacantha, type; major pedicellaria (length, 1.25 mm.) 

from dorsal integument, X 40. 5a. Same ; pedicellaria from dorsal 
spine (length, 0.36 mm.), X 80. P. 487. 
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Plate 152. 

Fig. 1. Brisinga trachydisca, station 5487; articulating surface of ambulacra! 
plates of disk, where ray has been broken off, X 5. la. Same; a 
pedicellaria from a small adambulacral spine, X 120. lb. Same; 
mouth plates, X 5 ; only 1 of the suboral spines shown. Ic. Same, 
type ; adambulacral plates from middle of costal region, X 5 ; 1 
lateral spine is shown. P. 510. 

2. Odinia pacifica, Hawaiian Islands ; articulating surface of adambulacral 

plates at base of ray, where it has been detached from disk, for com- 
parison with Sa; X 5. P. 509. 

3. Odinia magister, type; side view of ray at end of the papular region to 

show the comb of spines (only one comb shown), the adambulacral 
spines, and the cushions of pedicellariae, X 2.5. The sacculi are shown 

extending their full length beyond the tips of the later lal spines proper ; 

in life they are undoubtedly much longer. 3a. Same; articulating 

surface of the adambulacral plates at base of ray, for comparison with 
fig. 2 ; X 2.5. Ordinarily the opposite facet, that of the disk, has been 
figured, but the disk is wanting In the type. P. 507. 

4. Brisingenes mimica, type; a pedicellaria from disk (length, 0.45 mm.) 

X 80. 4a. Same; base of the blade of a disk pedicellaria further 
enlarged. 4&. Same; a pedicellaria from a furrow spinelet (length, 
0.42 mm.), X 80. 4c. Same; end of blade of furrow pedicellaria, 
enlarged. 4d. Same; a pedicellaria from an oral spine at mouth of 
furrow (length, 0.5 mm.), X 80. 4e. Same; adambulacral plates. 
4/. Same; articulating surface of ambulacral plates of disk, where 
ray has been broken off. P. 518. 
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• ' »^ •' Plate 153. 

Fig. 1. Afttrostephane acanthoo^lhyH, type; 2 adambulacral plates from the costal 
area ; X 5. Iff. Same ; a lateral spine, same scale as fig. 1, from the 
end of the costal area, X 5. lb. Same; mouth plates showing the 2 
suboral spines of each ; one spine removed from left plate ; X 5. Ic. 
Same: articulating surface of ambulacral and adambulacral plates 
where ray has been broken from disk ; this is the distal face of the 
plates, X 5. Id. Same; a pedicellaria (length; 0.109 mm.) from one 
of the furrow spinelets, X 200. P. 528. 

2. Stegnobrisinga placodemia, type ; mouth plates and 2 adjacent adambih 

lacrals, X 5. 2a. Same ; end of one of the subambulacral spines show- 
ing the sheath of pedicellariae, X 5. 2b. Same; 2 adambulacral 
plates from the costal region, X 5. 2c. Same; a pedicellaria from a 
furrow splnelet (length, 0.45 mm.), X 60. 2d, Same; articulating sur- 
face (distal) of ambulacral and adambulacral plates as seen on 
periphery of disk after removal of ray, X 5. P. 531. 

3. Brisingenes anchista, type; pedicellaria from a subambulacral spine 

(length, 0.22 mm.), X 80. 3a. Same; a pedicellaria from disk (length, 
• 0.27 mm.), X 80. 3b. Same; pedicellaria from a lateral oral spine 
(length, 0.40), X 80. 3c. Same, station 5648; mouth plates, X 5, 
showing the common sncculus of the 2 suboral spines. Zd. Same; 
pedicellaria (length, 0.27 mm.) from a furrow splnelet, X 80. P. 52t 
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Plate 154. 

Fig. 1. Craterohrisinga cueoryiiie; 2 adambulacral plates from outer third of 
costal area ; the proximal plate with sheath of pedlcellarlae shown 
on the 2 proximal furrow splnelets and on the larger subambulacral 
spine, X 5. la. Same ; fifth adambulacral plate, showing the special- 
ized subambulacral spines, X 5. Ifo. Same; mouth plates, X 5. Ic. 
Same, a suboral spine from another specimen with the sac- 
culus of pedicellariae, X 5. Id. Same; a pcdicellaria (length, 0.21 
mm.) from a furrow spinelet, X 160. le. Same; distal articulating 
.surface of ambulacral and adambulacral plates as seen on periphery 
a disk after removal of ray, X 5 ; to the left an interradial plate has 
been shown {int.), P. 514. 

2. Astrostcphane moluccana ; siime view as Ic, without an intermediate plate, 

X 5. 2a. Same; 2 adambulacral plates, middle of costal area, X 5. 
26. Same; mouth plates, showing the suboral spine bent toward the 

actinostome, X 5.6. 2c. Same ; a suboral spine from the side, X 5.6. 2d. 
Same; tip of pedicellaria (2r) showing inside of Jaw. 2e. Same; a 

pedicellaria from a furrow splnelet (length, 0.15 mm.), X 160. P. 526. 

3. FreueUaster apatulifer, tyi^e ; mouth plates and adjacent pair of adamhu- 

lacrals, showing variation in the form of the first subambulacral spines 
and the bifid suboral, X 9.6. P. 538. 

4. Brisingenes anchista; distal articulating surface of ambulacral and 

adambulacral plates as seen on the periphery of disk after removal 
of ray ; on the right 2 adambulacrals of adjacent rays are shown. 
P. 521. 
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Plate 155. 

Fig. 1. Frcjfcllaster spaiulifcr, type ; distal articulatiug surface of ainbulacral 
and adambulncrnl plates, as seen on the periphery of disk after re- 
moval of ray ; on the right 2 adambulacrals of adjacent rays are 
shown, X 8. la. Same; fourteenth and fifteenth adambulacral plates, 
X 9.6. 1&, Ir. Same: third and sixth subambulacral spines, X 9.6. Id, 
Ic, 1/. Same : end of a sixth, and the ninth and eleventh subambulac- 
ral spines, X 9.6. Ig. Same; a pedicellaria (length, 0.038 mm.) from a 
lateral spine, X 400. Ih. Same ; a pedicellaria from the larger, aboral 
furrow spine (sixth, 0.33 mm.), X 120. It. Same; tips of jaws of Ifc, 
showing about three-fourths of their breadth. P. 538. 

2. PediccUaster chirophorus, type; second and third adambulacral plates, 

showing the 3 spines which occur on the first few plates of each series 
(2 on the others) and one of the large "cat-daw" pedicellariae at- 
tached to outer end of plate ; X 16. 2a. Same ; a few plates of the 
side of ray, near base; a, superomarginal ; i, inferomarginal ; act, 
outer series of actinal interme<liate plates; X 8. 26. Same; one of 
the minor pedicellariae enlarged 80 times. P. 499. 

3. Tarsaster distichopus, type; plates of the ray from the adambulacral 

(a) to midradial series (top) shown as if wall of the ray were spread 
out flat; i, inferomarginal; «, superomarginal; r, midradial series; 
the 2 series of dorsolateral plates and connectives are shown between 
the superomarginals and radials. Taken at about the middle of ray, 
X 8. 3a. Same ; adambulacral and inferomarginal armature, at end 
of the proximal third of ray, X 8. Sb. Same; an unguiculate, for- 
ficiform pedicellaria from an adambulacral plate, X about 32. 3r. 
Same ; one of the forciplform pedicellariae, X 80. P. 490. 
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Plate 156. 

These figures are intended to show some of the characters upon which several 
new genera of Brisingidae have been based. See the synopsis, p. 501. 

Fig. 1. BriMnga trachydisca ; actinal view of adambulacral («). marginal (wi), 
and mouth (o) plates, X 8. la. Same; lateral view of plates of inter- 
brachial angle after removal of rays; t, interradial plate; am, ambu- 
lacral plate ; others as in Fig. 1. P. 510. 

2. Astrostcphane moluccana ; actinal view of adambulacral ( a) and mouth 

(o) plates, X 8. 2a. Same; lateral view of plates of interbrachial 
angle after removal of rays; i, interradial plate; m, marginal plates; 
am, ambulacral plates; a, adambulacral plates. P. 526. 

3. BrisingcUa frayilift; actinal view of marginal, adambulacral, and mouth 

plates, X 8 ; lettering as in flg. 1. 3a. Same ; lateral view of plates 
of interbrachial angle, X 8 ; only the articular surface of the mar- 
ginal and adambulacral plates is stippled ; side of interradial plate is 
stippled to show prominence ; lettering as in 2a. P. 524. 

4. Freyella microplax; lateral view of plates of interbrachial angle, 

X 8 ; lettering as in 2a. Only the surface of the interradial and oral 
plates is stippled; note absence of marginal plates. For description 
of this species see Fisher, 1917/. p. 430. 
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The (oUowlng Index oontalns the names of the ftunUios, genera, speotos, and subspecies of Asteroidea 
which occur in this memoir. Two kinds of type are used for the names, roman and Italic; the former indi- 
cates valid names, the latter synonyms. But when a speoles name follows a genus name that is a synonym 
of BDothor genus name, the species name of the combination is italloixed, although the species name 
msy be valid. The heavy-fioed type indicates the page upon which the description, or chief citation of the 
speoiea occurs. The names occurring tn the account of the distribution of species, pages 5 to 16, those cited 
In the list of dredging stations, and those In the explanation of plates have not been Indexed. 



Page. 

Acanthaster 441,406 

brevisplnus 442,18,443 

echiniUa 4,5,441 

ecMntu 441 

ellisll 443,444 

maurltlensls 18,442,443 

plancl 441,3,4,6,23,443 

Solaris 444 

Aeantbasteridae 441,23 

Anaeropoda 484,420 

dlaphana 425 

macropora 424,19 

membranaoea 424 

petaloldes 425,19 

tennis 425 

Antbenea flavescens 23 

splnulosa 3,4,23 

Anikenlatttr 328 

Antbenddes 328,346 

crlstatus 822, 18,328,338,341 

eplxanthus 21,329,833,838 

granulosus 333,21,21,328,329 

llthosorus 336,328,329 

peircel 328,331,332 

rugulosis 838,328,329 

sarissa 18,328,329,333 

Antbenoldlnae 826 

AnthoeUcte 140,2,22,90 

aulophota 140 

Aplirodltaster 225,22 

gracilis 21,225 

mlcroceramus 225,21,24 

Axehaster 1?0 

angulatus 181 

keapenu 60 

tenuis 5 

typicus 180,5,24 

Arehasteridae 180,23 

Aaterlas 495 

AtUrtat di$eoUea 360 

eeMnfU8 441 

eeMnui " 441 

eMnopkora 426,427,482 

endioa 444 

es^^tttt 416 

^acldlli 426 

granuaarii 267 

laevigata 400 

13434—19 56 



pRife. 

AsUriat mUUjwrfUa 878 

muUifora 400 

nodosa 346 

papposa 447 

planci 441 

titgtw^ 426,428 

wngviinolenta 428 

$avignffi 170 

KhmldeliaTia 360 

tepofita 426,427,428 

ff2>inoaa 426,432 

tMuMika 487 

tenuitpina 24 

voUeUata 4,6,404,496 

Aaterlldae 487,2a 

Asteiina 400,216,410,41ft 

burtonll 411 . 

oepheua 411,8,5,24 

erittata 411 

erittata euerea 414 

coronata 24 

coronata ooronata 414 

coronata cristata 4U, 2, 19, 410, 414, 416 

coronata eueroes 414,19,410,413 

ooronata fasdeulaiis 414 

4 

4 

Asterlnldae 400,2» 

Atteriniitt 410* 

cepktut 410« 

/oliMW 410* 

410* 

410' 

wega 410 

Asterinoptis 417,2,410,41ft 

lymani 410 

pedloeUarls 41T- 

pflolcillails 410,419* 

pUosa 410« 

Attertaeui eepheui 411 

Asterope 405, 40r 

oarlnlfora 4,24 

Asteropldae 4or 

Aitenptia 405> 

Asterodiscus 854 

elegans 856,5,354,360 

helonotiis 857,19,855. 

tnmcatus 19,856,857,368,36^ 
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Asterodiscns tubercolosus 355,356,360 

Asthenactis 465,456 

mediua 454 

popyraoeus 454 

A3troceramus 309,22,304 

CBllimorphus 19,310,311,812 

flslieri 316 

lionotus 310,19 

spnaeriostiotiu 313, 10, 307, 310 

Astrodes 604 

actinodetus 604 

Astrogonlumjordani 230 

longimanum 262,303,305 

AstroUrus 604,525,530 

Astromesltes 107,2,22,00 

oompaotus 107 

Astropecten 62,2 

acanthifer 18,24,65,86,78 

aeafUhifer pkrufftnonu 65 

alatus 24 

andenoai 17,24,67 

attropeetinidet 91 

bandaDUfl 24 

bttogalensis 70 

bonnlerl 79 

oelebeosis 24 

debiils 68 

eremicus 70,18,62,82 

eucnemis 76,18,82,79 

granulatus 73,18,62,77,78,70 

griegl 7,82,84,89 

hawaiiensis ?3 

hemprlchli 70,73 

imbellis 4,23,36 

indicoa 79 

koehJeri 73 

ludwigi 90,91 

hiEonious 82,63 

maeer 60 

malayanus 79 

maoritiensis 73 

mauritieruii 70 

mindanensls 67,17,62 

monacanthus 74,4,62,78,79 

notograptus 79 

orientalis 79 

ondnll 73 

pedloellariB 87,17,62 

phragmoras 66,18,63 

polyacanthus 63,5,21,62 

pugnax 73 

puaUlus 79 

puailhiiiu 18,82 

sarisinonmi 79 

aooparius 73 

tenelluB 84,17,62,82,87 

tomatensis 24 

triseriatus 73 

umbrinus 79 

vappa 70,73 

vappa inaequalis 00,62 

veUtaris 70,24,62,72 

veWarii 73,78 

■ebra 77,78 

lebrasibogae 24 

Astropeotlnidae 60,23,156 



Astrostephane 185,2,23,503,01 

acanthogenys... 588,525^53B,53L» 

moluocana 0M,M,5B^5O 

Astrotbauma 880,2,22 

euphylacteum 8M 

Atelorias 8lt,3,a 

anacanthus 86,84 

Bathybiaster 90,110 

BelgioeUa 501 

raoovitsana 504 

Bentbogenla 9,xn 

oribellosa SO 

Bontbopecten m 

acanthopotns 808 

antaroUcus 810 

buddltiscoDll 11,301,310 

moluoeaniu 8H,SI,8t 

xnutabUb 211 

polyctenius... 811, 21, 24, 308, 818, au 

semlsquamatxis SO 

spinosua 20B,8U 

styndus 813,21,ai,» 

violaoeiu 21,811,212,213,215 

Benthopeotinidae 188,83 

BUJciaster 90,99,107,ue 

Brislnga 600,2,402,408,501,602,80$, 

612, 618, 523, 626^ 530, 588, 537 

aanUhogenvt SIB 

andamanica 18,512,534 

bengaieosls Stisn 

conmaia 509,534 

endecacnemos 603,609,618,521,581 

eucoqfne &I4 

fragiUt 60I,82I,SM 

gracilis 533 

guimii 6U;5M 

iDsolarum 580.514 

mimka 501,517^518 

mohuxana 603,52^531 

panamenMi 504,510 

panopla 503,512 

plaeoderma 601,580,531 

semieoronata 5n,585 

tnchydisca 610,18,600,618,580,511 

Brislngaster SO! 

robUlardi 509 

Brisingolla 688,2,22,603,603,509,513,35 

aimillata 534,513 

coronata 500,584 

diidncta 581 

eodJls 5» 

fragllls 621,525,533 

pusilla 5M 

medlterranea 53t 

membianacra ^ 

tenella S34 

vertlcillata 581 

BrislngeneB 617,2,22,501,35 

aochtsU 681,24,518,520,535 

mimioa 618,24.SM 

Brisingldae on, 23, 492, 493, 404 

Bunastcr 880 

litbodes 88i,2.18 

rltteri 18,24,»8.30» 

Bythiolophus 001,2,471,481 

aoaotbinua 0B,35 
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CaUiaster 316, 320, 323, 3W 

baccatiis 317,319 

chUdreni 316,319 

oarynetea 316,19 

mamiliifeiB 319 

pedicellaris 19,317,319 

CallopatiTia 420 

Carna 424 

Caianie9 400 

Cenunaster 257,226,243,253,297 

arctlcus 280 

clarki 19,257 

granulans 287 

smithl 267,19 

Chaetaster mooret 5 

Cheiraster 190 

diomedeae 200,19,191 

gawllae, 198,19,190,191,201,203 

granuiatus 207 

inopa 191,18,19,201 

ludwlgi 203,21,191 

niasicus 162, 18, 19, 25, 190, 191, 201 

pUosas 18,194,195 

snyderi 19,197,198,201 

subtuberculatus 21,205,207 

triplacanthus 205,21,25,191 

trulUpes 21,23,195,205 

Cmone 388 

Chondraster 407 

Choriastor 867 

granuiatus 367,5,25 

(Sroeaster 297 

Cnemidaster 480,471,481,485 

squamens 18,481 

wyiiiim 480,18,25 

tea 18,481,483 

Ckdpastcr 504 

scutlgorulus 604 

Ccvcmaster 464,491,492,493 

antonii 494,495 

blspinofius 494 

briareua 494 

haUoepns 467,25,495,496 

octaradiatus 494 

parfaiti 494,495 

volsellatiis 466,494,495 

Cosdmistenas 495 

eupUeta 487 

Craspidastcr 60 

besperus 60,4 

Craspidasterinao 56 

Craterobrlsinga 512, 2, 23, 503, 525 

alberti 19,513,514,518,526,536 

analoga 618,613,536 

cricophora 613 

eucorjTie . . . 514, 19, 513, 516, 517, 536 

evennannl 513,528,534,635,536 

multicostata 613 

p&nopla 513,517,638 

parailela 613,517,636 

variispiaa 513 

Crenaster 160 

moUis 160 

spinulo»u8 160 

CrtbreUa deiuispina 436 

Crossaster 447 

Japonicus 21,449 



Page. 

Crossaster papposus 447,44<> 

penicillatus 21,449 

scotophilus 477,21,25 

Ctenodlscus 44,22,43,44,236 

crispatus 18, 44 

orientalls 44,18,25 

Ctenodlsdnae 44 

Ctonophoraster 65, 22, 90 

diploctenius 66, 18 

hawaiiensis 18,95,06,97,98 

Ctenopleura '. 90,2,22 

astropectinides 61 

hidwlgi 91 

Ciilcita 360,302,366 

arenosa 26,361 

coriacea 366 

discoidea ' 25 

grex 25 

novae-guineae 360, 5, 25, 363, 366 

novao-gulneac plana 361,26 

plana 25 

schmideliana. 25,363, 366 

veneris '. 366 

Culcitoiter 382 

anameaui 362 

Cyoethia 215 

Dendrogaster 37 

Diplopteraster 462,470 

multipes 21,22,462 

znultipes patagiatus 462,21,25 

peregrlnator 463 

verrucosus 463 

Dipsacaster 145,90,141,156 

dlaphorus 152,146,156 

grandiaslmus 147,148,149 

imperialis 146,18,145 

laetmophilus 151,148 

magniflcus 150 

nesiotes 145,18,25,145,148 

pentagonalis 150 

sladeni 18,145,146,151,152 

Dlssogenes 867,2,22 

styrada..., 388,25 

Distolasterias 487 

dubia 489 

euplecta 487,489 

eustyla 489 

hypacantha 487,18 

masophora 18,489 

mollis 489 

Dorigima 261,262 

eonfinis 247 

• lor^mana 304,305 

perUapkyUa 301 

reevevi 262,304,306 

tentalis 262 

Dytaster - . 157, 160 

aequivocus 160 

anacanthus 133 

evaulus 1 57 

exills 161 

gilberti 160 

grandis 160 

inermis 4,23,25 

madTepffrifer 160 

noblUs 160 

spiuosus 160 
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EolUaaster 428,427 

acaDtuodes 432 

braziliefuis 427 

callosus 428,25,432,433 

CTOssus 427 

edilntilatus 2'^ 

eridaneUa 25,127 

eschriehtii 427 

fallax 3,4,27,427 

gracilis •»27 

oculatits 427 

purpureu8 5,25 

sagenns 428,432 

aeposUtu 427 

serpentarius 427 

90lari8 3,4,427 

tpinonu •. 427 

8p(mgiosu9 427 

stereosomus 430,433 

Echinasteridae 428,23* 

Enoplopatiria 410 

braziliensis 410 

marginaia 410 

minuta 410 

gteUifcra 410 

Eiigonlaster 297 

Ferdina 370 

flavescens 370 

glyptodisca 370.21.25 

off reti 21 , 370, 37 1 , 372 

Flabellum 323 

Freyella 2, 4«2, 502, 504, 530, 533, 537, 538 

benthophlla 538 

hraeteata 53S 

dimorpha 538 

echinata 4,2:<,540 

elegans 538 

fecunda 504,537 

fragiUisima 538 

herolDa 538 

insignls "WS 

microplax 538 

paciflca ."»;« 

polycnema 538 

propinqna 038 

remex 538 

sexradiata 538 

spatulifcra 25,538 

splnosa 504,637, 53S 

tuberculat a '»38 

FreyeHaster 637,2,22,502,504,530 

fecundas 538 

spatTilifcr 538 

scalaris 538,540 

Freyellidea 537 

Fromla 1.. 373 

andamanensis 377 

armata 18,377,378 

balansae 377, 3 78 

canceUatii 373 

eusticha 375,373 

hemiopla 377, 18, 373 

japonica 373 

kiihlii 3?3 

major 373,374 

milloporella 378, 5, 25, 373, 375, 377 

monilis 25,374 



Pa<e. 

Ganeria 218 

falklandlca «« 

Ganeriidae **** 

Gastraitter 4** 

Geph yreaster 318 

Glyphodiscus W^,! 

Goniastercuspldatus 25 

fUdaroHentis 2* 

Ooniasterldae 22* 

Qoniasterlnao 218 

Goniodiscaster 224 

forficuiatus 3* 

pleyadella 25 

Ooniodiseides 282 

OitniodiMua 3*2 

capeUa 388 

forfteulattu 224 

pleyadella 32* 

rwjoeut * 

tdme 381 

Goniopecten 48,22,44,48.47.288 

asiaticus 47,50,55,57,58 

dcmonstrans 47,50 

Goniopectinidae 41 

Gonlopectintnae • 

Oymnaeteria cari nifera 4, 2S 

Gy mnobrislnga 502 

s^irsil 501 

Halitylo 2tt,2,22 

regularis 382 

HenricJa 438 

arcystata 439.1S.U5.438 

densispixia 4IW.435 

levluscula axmectens 436 

leviuscula multispina 496 

micfoplax 4J7 

mutans 18,435,429.440 

oculata 435 

praestans 436,418 

sangainolenta 428,435,437 

HeteratUrittM 4M 

voUeUaUi 498 

Hippasteria 294,331 

Hotiaepinulow 3 

Hydrastcrias ophidion 401 

Hymeoaster 483,487.478 

bartschi 488,» 

koehleri 21 

nobllls 21,463,481.488 

pellucidus 483 

pullatus I9,485.«r 

rhodopeplus 483,21.35,484,485 

Hymenasterides 487,2,22 

zenognatbus 4tt,25 

Hymenodiscus SO 

agasslxi 502 

Hyphalaster 42 

hyalinus 42 

Ibonaster 203.2,296,308 

gardineri 260,100 

longlmanus 383,308 

perlerctus 818 

Koremaster 157,2,22 

ovaulus 187,18^28 

evaulos splculatus 18ltl8 

Ubidiaster 402,40S,4M 

annulatus 488 
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Labidiasterzadiosus 498,403 

Labidlasterinae 492,494 

LabidiastreUa 493 

LaaUuter viUoatu. 407 

Leiaster 896 

analogus 399,18 

calllpeplas. 398 

ooriaoeus 18,396,397,398 

glaber 398 

leaohll 5,26,396,397,398 

LeptogonuUr 381 

eristahu 4,328,389 

LeptoffonasUrtnae 326 

1-eptychaster 90,99,107,110,216 

LtBckla 400,306 

4ipUu 401 

dubiosua 394 

ehrenbergii 401 

gufldingii 401,26,400 

laevigata. 400,3,4,5,26 

megtOoplai 388,390 

mmaris 3,4,5 

multlftna 400 

paclfica 401 

ptuUla 3 

rosenbergi 26 

tuberculata 26 

trpus 400 

LiDOkiidae 367,23 

Llth€6oma 898,2,22,309 

actinometra. 298, 2 

penlchia 301,298 

pentaphylla 18 

Lonchotaster forcipUer 151 

raa^nificw 150 

tartareus 15L 

Ixrpbaster 449 

abbrevJatuB 450 

antaiticoB. 450 

ftnclfer. 19,450 

furdUlgor 449 

galni 450,451 

stollans 450 

soluesisis 449,19 

LukUa. 183 

afrlcana. 166,168 

aspera 171,4,5,163 

asthenosoma 18, 166, 167, 168 

avicularia 172,18,163 

ehefuentU 166 

cniarte 163 

dathiata. 166 

deoodata 18,175,176,177,178 

elegans 168 

foliolata 166 

forfUjIfera 5,18,164,165,166 

fragiUnima 163 

gynmochora 175, 163 

haMwlddL 5 

Integra. 18,172,174 

Hmbala 166 

longlsplna 164,4,5,163 

maisulata 168,4,5,26,163 

moroisoana 18, 172, 174, 175 

orientaUs 166,18,163 

penangonsls 166 

prkmota 164,18,163 



Paffc. 

Luidia quinaria 166 

sani 166,168 

savignyl 170,163 

LuidJaster dawsonl 199 

Luldlldao 163,2t 

LydJaster 297 

Lysaster 43 

Mamxnaster 471 , 481 

Marglnaster 407,22 

capreensis 407,409 

ecbJnolatus 409 

flmbriaiut 407,409 

pauoisplnus 407 

peotlnatus 407 

pentagonus 409 

Modiaster 856,243,253,261 

aequalis 255 

arcoatus 256 

balrdU 255 

omatos 256,255 

tenoUus 242 

MeUa 378 

Metiodlia 406,370 

subulata 406,3,26,405 

Metzodiridae 406,23 

Metrodirinae 405 

ICllteliphaster.. 323,324 

IHmaster 22 

COQTUOlU 215 

noeoNUt 215,217 

Ozardi 215,217 

MimaaUridae 215 

Minuutainae 215 

Mimastrella 217 

MltbrodiadavJgera 5,26 

Molraster ^ 90,143,144 

Myxaster 454,22,456 

medusa 454,21,26 

sol 21,454,455 

Myxasteridae 464,28 

Myxoderma 471 

Naroissia 870,384 

Nardoa 378 

aegyptiaca 379,380,382,384 

Jinsehi 379,381 

(rlantl 336,18,379,382,384,386 

galatheae. 26, 882 

goTnophia 379,380,384 

lemonnierl 382,380,384 

mollis 381,382,383 

novae-oaledoniae 23, 379, 380, 381, 382 

obtusa 4,23,379,385,387 

paudforis 23,379,381 

semi regularis 383, 23, 375, 379, 384 

semiseriata 384 

squamolosa 388,380,384 

tubezculata 384, 3, 4, 5, 23, 382, 38>' 

tumulosa 386,18,370,882 

variolata 378, 379, 387 

Nectria 242,256 

ocelllXera 26 

ocellata. 256 

Nepanthia 422,2,402,419 

traehiata ^ 419 

brevls 423,424 

joubinl 423,422 

maculata 422. 3, 413,419. 423 
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Nepanthla pediceUarit 417 

platydi9ea 420 

sofCarcinata 423 

NereidatUr 240,201 

bowerii 241 

tpmbolieua 263 

Nymphaster 2<i, 243, 244, 253, 294, 301, 303, 309 

albldua 261 

arenatus 277 

arthrocnemls 277, 18, 26, 264 

atopus 283,263 

bolll 18,266,272,274,282 

basllicus 261 

bipunetus , 261 

dlomedeae 266 

dTscritus 266,18,263,309 

euryplax 264,18,263 

florifer 242 

gardineri 18, 289 

habrotatus 282,264 

leptodomos 272,263 

ludwlgi 21,266,276,281,282 

meseres 280,18,264 

moluccanus 874,21,26,263 

mucronatus 269,18,263 

nora 280 

protentus 253,261 

tpmboUeus 4,240,253,261 

temalis 18,266,276,278,282 

Odlnla 805,492,495,501 

austini 506,509 

clarkl 506,509 

- magister 807 

paciflca 506,507,509 

penlchn 606 

O^jmastor 305,330 

capella 262 

Ophldlaster 388 

cylindrlcufl 26,392 

dubiosus 384,888 

fiucus 388,3,26 

germanl 391 

birsutus 388,390 

ophidlanus 388 

omatus 382, 394 

purpureus 26, 392 

pusillua 3,4,23,26,390,302,398 

pustulatus 36,392,396 

rbabdotus 396 

sclerodermiu 394,395,396 

squameiu 392 

tenellus 394,396 

trls«riatiu 393 

trychnus 890,386,302 

tuborculatas 384 

tuberifer 393,388,390,392 

tumescena 396 

Ophldlasteridae 367 

Oreaater 348,354,362 

affinis 36 

alveolatus 348,346,364 

grayl 26 

ha valiensis 354 

blulcus 26 

llnckU 27,349 

mammlUatus 354 

nodosus 346,5,27 



Oreaster novae-calodonlae 340 

oocldojitalis 354 

productostuberatuB 23 

rheinhardti 26 

sladcni 36 

Oreasteridae 346, 23 

Othflia 432,426 

eridanaia 27,434,435 

luzonka 3 , 435 

purpurea 432,3,4,435 

Faragonaster 228,244 

ctenipes IH.22* 

ctenlpesbypacanthus 228. 18 

elongatus 235 

formoius 235 

stonosticbus 232,22S 

strlctus 235 

subtflus 235 

ParanepanthJa 419,2.22,417 

platydlsca 420,27 

PararehatUr 208, 2 13 

pedicifer 208 

Parasteriua 419 

Patagiaster 1M,22,90 

nuttlngL 18,154 

sphaerioplax 164,18 

PaUria 410 

briareut 5 

chUensls 410 

ooocfaiea 410 

gayl 410 

granifera 4*0 

gniQulata 410 

minlata 410 

novae-^andiae 410 

pectinirera 410 

Patiriella 418,410 

calcar 416 

caloarata « 410 

exlgua ^ 418,4,27,410 

flmbrlata 410 

gunxill 410 

piullla 410 

regularis 410 

squamata 410 

Poctinaster 188,1(9 

evoplus 185, 188 

fllhoU 189 

forcipatus echinatus 182,184,185 

hlspldus 182,183 

hylacanthus 187, 27, 182, 194. 196 

mimicus 181, 18, 27, 187 

mlmlcus palawanensls 188, 18, 182 

POctlnkUacus 44,286 

Pedlcellaster 489,402,408,495,501 

cbiropborus 481,27 

typicus 409 

POdJcella«tcrkiae 482,28 

Pedlcellasterlnae 48t,494 

Peltaster 290,22 

oycloplax 880 

htbet 290 

nldarosioDsls 290,298,294 

planus 294 

Pentaoeropsis 850,347 

euphuet 354 

obtusata 4,6,18,23,27,850.353 
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Pentaoeropslstylodemia 350,18 

JfeniaeeroB 346 

alveolatut 348 

fTankOnii 346 

modeatM. 346 

oAduotfW 4 

prod'oehutvibentut 4 

tWT'Uui 6,346 

PetUacentUtat 346 

PentagimatUT 324 

aUxandri 240,261 

arenattu 262 

euenoH 260 

rrUrabOit 260 

mortenteni 260 

miUUH 282 

placenta 260 

apinuUmu 4 

tubtpinomu 262 

FfiaBOg o nttrter 836,2,22 

iQsfgnJs. 886,236 

PeraepboDastor 1U,90,107 

anohJstus 117, 18, 111, 127, 130 

cingulatus 21,23,134 

ooclochiles 18,116 

croceus 21,111,134,136 

euryactls 118,17,111,130 

euryactis breyispinuB 115 

graoills 133 

habrogenys 131,113,134 

losonicus 118,111,127,130 

mJaaldeiisis 18 

monostoecbus. . . 184, 18, 37, 111, 136 

multiclnctus. 128, 

18, 21, 27, 111, 125, 126, 137, 130, 136 

oedlplax 187,113,130,131,133 

patagiatus 124 

roulel 21,121,124 

sulusnsls 185,18,111,130 

tenuis 181,111,130 

Pkidiatter 100 

ttga$iizl 100 

Pholidaster 464,471,485 

distinctus 18 

aquamatiu 464,4,18 

PUntbaster 294 

Plutonastcr 90 

Pontaster mimkut 182 

tnUUpa • 4 

Pontiooeramus 884,2,22 

grandis 894 

Poiania 407 

f/randit 407 

pulvilla 407 

Poraniella 407 

P(Hanlidae 407,23 

Pofaniomorpba 407 

rosea 407* 

Poranisca 407 

PoroeUanasteiidae 35,23 

Priamaster 216 

Priamasterinae 216 

Prionaster 50,22,44,47,236 

analogos 50,21,65,56,57 

elegans 44,50,54 

gradUs 55,41,50,57 

megaloplax 56,21,37,44,50 



Page. 

Prognaster 470 

grimaldU 470 

longieaudtu 470 

FModarcbaster 880,156 

dissonus 21,225 

Jordan! 820,27 

mosaicus 221 

myobracbliu 225 

ollgoponis 888,21,27 

pectinlfer 21,222 

rosaus 226 

tesseUatus 225 

Paeudarobasterinae 880 

Pinaster 100,107 

agassUi 17, 101, 103, 104, 106 

florae 106 

gotol 100,17,18,21 

VraeOif 123 

pectinatus 106 

robustus 103,17,18,21,27 

PtiUutenpaU ditgulata Ill 

Pteraster 456,470 

eapensis 460 

corynetes 456,21,37 

eribrontt 4 

Ingolfi 458 

mllltaris 456 

muUipea 462 

obeeus 19,468,460 

obesus myonotus 456, 19 

personatns 458 

piUvillus 456,458 

reductus 458 

rugatus 467,458 

semiretlculatos 21,456,458 

sordldus 458 

tenmocblton 457,458 

Pterastexidae 456,23 

Pycnopodia 493 

Pytbonaster 456 

Radlaster 817 22,216 

elegans 21, 216 

notabflls 817,21.37,216 

tlzardl 21,216 

Radiasteridae 815,23 

Radlasterinae 216 

Bandwto 362 

luzontea 3 

Ratbbunaster 493 

callfomicus 493 

Retaster 460 

cribrosus 460 

inslgn^ 460,4,27 

Rkegaster 407 

Rblpldaster 451,453 

polpctenifu 451 

vannlpes 5,451,452,453 

Rhopta 426,427 

mediterranea 428 

aepotita 436,428 

Rlpaster 90 

Rosaster 810,343,261 

alexandri 240,241,243,347,265 

blpunctus 343,344,350,253 

conflnJs 18,241,343,244 

mamlll&tus 817,244 

mimicus 850,243,255 
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Rosastor nanniis 844, 18, 241, 243, 253,255 

symboUcus 263, 241, 244, 250, 255, 201 

8eapha$Ur 405 

huTnberU 405,406 

8qf tatter obtuaut 4 

tuberculatut 4,384 

Sidonaster 35,22 

bathorl 35 

psUonotus 37 

VBDoyl 35,22 

Solaster 444.216,218 

abyssorum 447 

boFealls 445,446,447 

endeca 447 

fweifer 449 

paxUlatus 21,445,446 

regolarls 446 

teotophUfU •.... 447 

subarcuatus 447 

tonilatuB 446 

troplous 414,21,27,446 

tunUdfU 407 

Solasteridae 414,23 

Sphaeriodlsotu 287,260 

aznmophilufl 288,290 

bourgetl 288,290 

sootocryptus 287 

Stegnobrlslnga 630,2,23,502,509,513,525 

gracllto 535,536 

plaooderma 631,27,520,522,536 

SteUaster 326,346 

beicheri 27,326 

ohUdrenl 326 

eqaestris 327 

Incei 328,5,27 



Page. 

SteUastergradUs a» 

nUcatut M 

Stephanuter bourgeU 387 

SioUtateriat 4M 

Tamariafutea 3,188 

TaiBchftster 4tL 

teniib M8 

Tanaster 4M,t 

disUchopua 4S0,n,37 

stoicliodeB 21,400,491 

Tethyaster 90,143,144 

sabinermJs : 141 

Thoracaster 42 

Thrissacanthtas M 

Trltonaator 131,22,90 

craspedotus 18,136.137,139,139 

evonu 134, 18 

Tylaater 407 

Undina 400 

ValvBster 408 

Xenorias 461,2,22 

polyctanius 461,27 

Zoroaster 471,484.485 

adami 18,472,475 

angulatos 472,477 

berathri. 21,473,478 

oarJnatus 18,472,477,479 

carinatua phJlipplneocia 477, 18, 472 

ftilgena 471 

mlcroponu 476,21,27,472,473 

ophiaotis 473,18,27,471,472,475 

planus 472,477 

spinuloaus 472 

tenuis.. 472 

Zonasteridae 4711,28 
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A NEW SEA STAR OF THE GENUS EVASTERIAS 



By W. K. Fisher, 
of the Hopkins Marine Station, Pacific Grove, California 



Species of the genus Evasterias are confined to the intertidal zone 
and shallow water of the North Pacific, from the Okhotsk Sea to 
central California. The center of abundance is the region between 
southern Alaska and Puget Sound. 

The genus differs from Asterias in having numerous actinal plates 
(each having one or two spines) arranged in from three to six 
longiseries, which alternate with longiseries of large actinal papulae ; 
inferomarginal plates lateral rather than actinal in position.^ - 

There are two very distinct species, Evasterias troscAeHi Stimpson 
and E. echinosomay herein described. Evasterias troscheUi is one of 
the most variable of sea stars, which is admitting a good deal. Study 
of a large number of specimens indicates the existence of three fairly 
distinct, intergrading formae each with numerous variations. 

1. Forma trosckelii, the type form, with very unequal abactinal 
spines not arranged in a well-defined reticulum. This includes 
Asterias victariana Verrill, Leptasterias macowd Verrill (a six- 
rayed young), Evasterias trosohdU^ var. rudis Verrill, a fully grown 
or giant specimen. (Pribilof Islands to Puget Sound.) 

2. Forma dUveolata Yerrill, very variable, but in general with 
coarse spines arranged in a reticulate pattern. This form is Stimp- 
son's interpretation of Brandt's Asterias epiehlora^ a name api^ed 
by Verrill X 1^14) to a small, six-rayed Leptasterias of the Aladcan 
coast. I think that Stimpson was correct and that Verrill is mis- 
taken. Brandt's type was five-rayed, not six; the form is sometimes 
green above, as the name implies. This form includes Asteria» 
braehiata Perrier, 1875 (preoccupied) ; Evasterias troschelU^ var. 
(J/veolata Verrill, var. parvispma Verrill, and the "typical form" 
cited and figured by Verrill in 1914.^ (Unalaska to Carmel Bay, 
Calif.) 

1 Fisher, a Preliminary Synopcds of fbe Asteriidae, Ann. and M^afir. Nat Hist., »t. 9, 
Tol. 12, 192S, pw 599. 

'Shallow-water Starfishes of the North Padflc Coast, etc. Harriman Alaska series^ 
▼ol. 14, p. 163, pi. 26, figs. 1 and 2. 

No. 2632.— PROCEEDINOS U. 8. NATIONAL MUSEUM, VOL. SO. ART. 6 
2996—26 
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3. Forma acanthostoTna (Verrill). Intergrades with ccl/veolata; 
typical specimens differ in having uniformly small abactinal spines 
which atand in single file on the irregular reticulum of the skeleton 
and divide the abactinal area into areolae ; or are more grouped and 
scattered so that the reticulation is not so evident; superomarginal 
spines in combs or groups of three to five (single, or irregularly one 
and two in alveoldta). Evasterias acantfiostoma Verrill. (Unalaska 
to Puget Sound.) 

EVA8TBRIA8 ECHINOSOMAp bmt spmIm 

Diagnosis. — Size, large; rays five, long, tapering, stout, more or 
less swollen, with a very convex abactinal, and a subplane actinal 
surface. Differing from E. troachelU in having uniformly large, 
mostly subcorneal, well-spaced abactinal spines; marginal plates un- 
usually high on side of ray, the superomarginals being abactinal in 
position and generally monacanthid; six (or five) series of actinal 
plates (generally monacanthid) of which either the upper row or 
the inferomarginals define the margin of the ray; adambulacral 
plates triplacanthid, or displacanthid and triplacanthid. Type: 
R=330 mm., r=51 mm., R=6.4 r; br=about 60 mm. 

Description. — ^The abactinal surface is armed with rather widely 
spaced and nearly uniform robust spines, cylindrical at the base, 
the distal half conical, longitudinally sulcated, bluntly pointed, and 
in giant specimens with B 800 mm., about 2.5 mm. long by 1 to 1.5 
mm. thick at the base. The distal part of the spine may be slightly 
swollen so as to appear subcapitate. The spines of the distal portion 
of the ray are round tipped, and by a shortening and rounding of 
the terminal conical portion a subglobose, striated tip results. A 
majority of spines are so formed in specimens from stations 8281 
(2), 8291 (1), 8286 (1), none of which have B greater than 200 mm. 
In the specimen from station 2842 the spines are slenderer than in 
the type, tapering and pointed. The spines do not have a regular 
arrangement. An irregular carinal series is generally fairly well 
marked, the dorsolaterals standing typically singly (but sometimes 
in groups or lines of 2, 8, or even 4) on the chief nodes of the 
reticular skeleton. In some of the very large specimens there are 
a few very delicate terete spinelets, scarcely larger than the abac- 
tinal straight pedicellariae, scattered over the abactinal surface. 
In the specimens on which the spinelets are more or less grouped 
there is rather less uniformity in size, some being of distinctly sec- 
ondary size. There is a broad and pretty definite supram&rginal 
channel bounded abactinally by a very irregular row of dorsal 
spines which usually but not always stand closer together than on the 
rest of the dorsolateral region. 
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The superomarginal spines are similar in form to the abactinal 
spines (following the variation of the latter) and are generally 
dightly smaller. Typically they stand one to a plate, close together, 
forming a very well-defined series, characteristically high on the 
side of the ray, so that the proximal half, at least, and sometimes 
the whole ray, is bordered, when viewed from above, by the infero- 
marginals, or by the first series of actinal spines. This character 
is accentuated in small examples (B 110 mm.), in which the itbac- 
tinal area is narrow. Interradially the superomarginal series extends 
half way to the center of the disk. Two or three spines occur on 
the plates of the proximal half of ray in specimens from stations 
4796, 3236, and 3291 (1 each). 

There is a wide intermarginal channel (2 or 2.5 times length of 
inferomarginal spines). Inferomarginal spines similar to supero-, 
marginals, but a little longer (3 or 4 mm. in giant specimens), some- 
times one to a plate, sometimes two, or rather irregularly one and 
two proximally and one distally. The series bends upward inter- 
radiidly, and in some specimens is abactinal (or dorsolateral) in 
position. 

In large specimens there are six series of spiniferous and one 
short series of spineless actinal plates at the base of the ray. There 
is considerable variation in the number of spines to the plate. All 
plates may be monacanthid. In this case there are eight regular, 
spaced longiseries of spines, of which two are marginal series abac- 
tinal in position (station 3282). The outer three or fpur series are 
sometimes regularly or irregularly diplacanthid and the inner two 
or three monacanthid; or the outer row may be monacanthid, the 
next two irregularly diplacanthid, and the remaining three, mona- 
canthid (station 3281). In a specimen from station 2842 a con- 
siderable number of plates are triplacanthid. In large specimens 
the sixth or inner series of actinal spines extends one-third B meas- 
ured from center of disk. The actinal spines become gradually a 
little longer, sometimes heavier and clavate, in passing from the 
outer toward the inner series. The details of the actinal spines are 
variable, as in other species. The tips may be compressed and sub- 
truncate, sulcate, or tapered, blunt, or pointed. The smallest speci- 
men (station 3650) with B 46 mm., has four series of actinal plates. 
The larger specimen from Kamchatka (station 4796) with B 265 
nmi. has but five series of actinal plates. Whether this is constant 
for large Asiatic examples can not be determined. 

The actinal channels are typically well marked, even broad in 
some cases, so that the rows of spines are distinct and separated. 

The adambulacral plates are triplacanthid and diplacanthid. In 
large examples most of the plates of the proximal half of the ray 



Digitized by V^OOQ IC 



4 PROCEEDINGS OF THE NATIONAL MUSEUM tou 69 

are triplacanthid then irregularly diplacanthid and triplacanthid, 
and finally on the distal third of the ray mostly diplacanthid. The 
distribution of these numbers will, of course, vary in different indi- 
viduals. In general the proportion of plates occupied by three 
spines increases with the size of the animal, the third spine being 
added on the outer side of the plate. The combs of alternate plates 
are advanced further into the furrow. The first three plates follow- 
ing the mouth plates are generally monacanthid; then three or four 
are diplacanthid, following which, after a few plates of three and two, 
the regular triplacanthid plates commence. The spines are slender, 
about as long as the innter actinals. The furrow members are 
slightly tapered; the others, a little stouter, varying from slightly 
tapered to cylindrical, or somewhat clavate, round tipped to bluntly 
pointed. The third, outer spine may be shorter than the other two. 
There are usually five pairs of united plates composing the adoral 
carina. The large Eounchatkan example is diplacanthid, and near 
the end of the ray, irregularly diplacanthid and monacanthid. 

Actinostome very small. Mouth plates with two apical spines 
in nearly vertical series, the smaller at the mouth of the furrow, the 
other (about as long as the plate, and sometimes spatulate) almost 
directly above it (as viewed from the actinal side). The suboral 
spine, near outer end of plate, is about as long as first two or three 
adambulacrals. 

The papulae have the distribution characteristic of the genus and 
are very abundant, especially abactinally, where, in alcoholic speci- 
mens, they appear to occupy all the space between the prominent 
circles of crossed pedicellariae surrounding the spines. The size 
of the areas increases with age; about eight or nine areas can be 
counted across ray at base, but the dorsolaterals are very irregular. 
There is a fairly regular supramarginal row. The intermarginal 
and actinal rows — eight in all — are typically regular and decrease 
in size toward the furrow. 

There are two sorts of straight pedicellariae, larger and smalkr; 
the larger, usually compressed ovate, wedge shaped, with the end 
broadly rounded and the tip of each jaw with two or three denticles, 
varies from abundant to relatively few on the abactinal surface; they 
are generally abundant on the intermarginal and actinal integument, 
and a few occur on the inferomarginal, actinal, adambulacral, and 
oral spines. They vary to lanceolate obtuse and lanceolate acute. In 
large specimens the abactinal measure about 0.9 to 1 mm., while the 
actinal interradial ones are 1.5 mm. long. Much smaller ones are 
present in variable numbers on the actinal, adambulacral, and oral 
spines, and are rather sparsely scattered along the furrow face of 
the adambulacral plates. 
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Small crossed pedioellariae are very abundant singly and in 
groups among the papulae; in a broad zone around the abactinal 
and marginal spines; and in half wreaths on the outer side of the 
actinal and adambulacral spines. The abactinal measure 0.27 to 
0.8 mm., while the adambulacral measure 0.35 to 0.4 mm. (large 
specimens with R 270 mm. or more). Apparently there is a gradual 
increase in the number of crossed pedicellariae, especially the papu- 
lar, with age. 

Madreporic body large, subplane with a row of spinelets on the 
adcentral border; it is situated a little less than one-third r from 
center of disk. 

ryp^.— Cat. No. E1287, U.S.N.M. 

Type locdlUy. — Station 3278, north of the end of Alaska Penin- 
sula (56^ 12' 30" N., 162<> 13' W-), 47 fathoms, fine gray sand; bot- 
tom temperature, 88.8® F. 

Di8tributum,-—So\xihfftTL Bering Sea, from Bristol Bay to Un- 
alaska; the coast of Asia from Avatka Bay, Kamchatka, to the 
Okhotsk Sea; 11 to 48 fathoms, fine sand, mud, pebbles, stones; 
temperature range, 88** to 41.2** F. 



Specimens of BvMterias echinosama eaffam4/ned 
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EXPLANATION OF PLATES 
Platb I 
Bviuierias eeMm>$<Mna, type, abactinal sarface. 

Plate II 
Evasterias e6Mnosi>m€^ type, actinal surface. 

o 
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Abactinal Surface of Evasterias echinosoma, Type 

For description of plate sec page 6 
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ACTINAL SURFACE OF EVASTERIAS ECHINOSOMA, TYPE 
For description of plate see page 6 
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REPORT ON THE SOUTH AMERICAN SEA STARS 
COLLECTED BY WALDO L. SCHMITT 



By W. K. FiaHEB 

Of the Hopkins Marine Station, Pacific drove, Calif, 



The following list of sea stars is based upon material collected by 
*Dr. Waldo L. Schmitt, of the United States National Museum, in 
1926 and 1927, during an extended investigation of the higher 
Crustacea of South America, made under the auspices of the Walter 
Rathbone Bacon scholarship. General collecting was therefore inci- 
dental to the main object of the expedition. The principal locali- 
ties are: Salaverry and Talara, Peru; Antofagasta, Tocopilla, and 
Punta Arenas, Chile; the Juan Fernandez Islands; Port Stanley, 
Port William, and Teal Lillet, Falkland Islands ; Deseado, Patagonia. 

Especially valuable and perplexing has been a series of Anasterias 
from the Falkland Islands. Ophidiaster offossi^ii is figured for the 
first time. 

OPHmiASTBR AGASSIZn Perrier 
Plates 1 and 2; text Figure 1 

Ophidiaster affassieii Pebbier, BnU. Mas. Comp. ZoOl., vol. 9, 1881, p. 10 ; M^. 
sur les Btoiles de Mer, 1884, p. 223.--MjassNaasfc, Archlv f. NaturgeBch., 1896, 
vol. 1, p. 90.— DB LoBioL, Revue Suisse de Zo51., vol. 8, 1900, pu 79. — HjumMm- 
KIND, Asteroidea, in: The Natural History of Juan Femandee and Baster 
Island, edited by Dr. Carl Skottsberg, vol. 3, 1920, p. 387.— H. L. Clabk, 
The Echlnoderm Fauna of Torres Strait, 1921, p. 83. 

Juan Fernandez, December 9, 1926, two specimens. 
Clark (1921) writes that this species is related to O. canfertus of 
Lord Howe Island and O. kermadecensis of Raoul Island, Kerma- 
decs, bnt is perfectly distinct from both. These species belong to 
the section of the genus characterized by having between the furrow 
spinelets one or more granules on the inner surface of the furrow, 
and only one madreporite. Clark writes that the papular pores ai-e 
numerous (10 to 20 in each area), but in these examples of agassizii 
(B, 27 mm.), there are only 5 or 6. Many of the furrow spinelets 
are without intervening granules. On the proximal half of the ray 

No. 2860.-^PROCEEDINQ8 U.S. NATIONAL MUSEUM, VOL. 78. ART. 16. 
2.3908—81 1 
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there is a characteristic pedicellaria in, or bordering, most of the 
papular areas; distally they are much less numerous than proximally 
(text fig. 1). 

CTCBTHRA VBRRUCOSA (PhiUppi) 

Chniodiaous verruooaus Philippi, Archly f. Naturgesch., 1857, p. 132. 

Cyceihra verrucosa Meissnsb, Zo5L Anz. 1898, p. 894. — ^Koehucb, Ast^ries et 
Ophlures, Further Zoological Results of the Swedish Antarctic Expedition 
1901-1908. VOL 1. No. 1, 1923, p. 60, pi. 7, figs. 5, 11, 12, 13; pi. 8, figs. 3-«. 

Port Stanley, Falkland Islands, three specimens. Near Teal Inlet, 
Falkland Islands, one specimen, March-April, 1927. 



FlQVWm 1.— 0PHIDIA8TBB AQASSISII. A CHIB- 
ACnBISTIC PBDICILLARIA^ XlOO 

Dr. R. Koehler, in the citation noted above, has given a very full 
discussion of this species together with excellent figures. 

PATIBIA CHILENSIS (Lfltktn) 

Plate 3, Figures 1, 2 

Aateriaoua chilensia G. F. Lt^nucN, Vidensk. Med., 1859, p. 61. 

Asterina chilensis C. F. LtJrKEN, Vidensk. Med., 1871, p. 302.— H, L. Clabk, 

Bull. Mus. Comp. Zodl., voL 52, 1910, p. 834, pi. 2, figs. 2, 3. 
Patifia chilensis VEBRnx, Amer. Joum. Sci., vol. 35, 1913, p. 482. 

San Lorenzo, Island, Callao, Peru, November 1, 3, 1926, two 
specimens. 

Antofagasta, Chile, November 15, 1926, one specimen. 

The colors of the Peruvian specimens in life were recorded by 
Doctor Schmitt as: "Above, dark maroon purple with irregular 
lines and markings of nile blue; under side, glaucous green, tube 
feet cream buff " (Ridg way's. Nomenclature of Colors, 1886). 

PATIBIBLLA CALCARATA (Perrler) 
Plate 4, Figures 1, 2 

Asteriscua calcaratus Perries, Ann. Sci. Nat., ser. 5, vol. 12, 1869, p. 292. 

Asterina calcarata, Perbiee, R6v, des Stell^rldes, 1875, p. 302.-^H. L. Clabk, 
BulL Mua. Comp. Zo<51., vol. 52, 1910, p. 833.— LncBEBKiND, Nat. Hist Juan 
Fernandez and Easter Island, edited by Dr. Carl Skottsberg, vol 3, Asteroidea, 
1920, p. 883. 
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Aaierina calcarata var. aelkirki Meissnbb, Archlv f. Naturgesch., 1896, p. 9T, 

pL 6, fig. 8. 
Patiriella caloarata Veeeiix, Amer, Jonrn. Sd., vol. 35, 1913, p. 484. 

Juan Fernandez, six specimens; one from 15 to 18 meters. Bahia 
de Padre, December 16, 1926. 

Doctor Lieberkind, in the citation above, has given a critical 
review of this species. 

PATIRIBLLA FIMBBIATA (Perrtor) 
Plate 5, Figures 1, 2 

Aaterina fimbriata Pebbosb, R6v. des Steltoldes. 1875. p. 807 ; Miss, sci du Cap 
Horn, 1891, p. Ill, pi. 12, figs. 5, 56.— Koehleb, Ast6ries et Ophiures, Further 
Zoological Besults of the Swedish Antarctic Expedition 1901-1903, vol. 1, No. 
1, 1923, p. 56, pi. 9, flgs. 2, 5-8. Literature. 

PatirieUa fimbriata Vebbill, Amer. Joum. Sci., vol. 85, 1918, p. 484. 

Punta Arenas, Magellan Strait, February 4, 1927, two specimens. 

Port Stanley, Falkland Islands, March 11 and 27, 1927, five 
specimens (K, 6.6 to 8 mm.). 

Near Teal Inlet, April 3, 1927, two specimens (R, 8 to 11 mm.). 

Koehler (1923) has given critical notes and excellent figures of 
this species. His largest specimen had R 16 mm. In alcoholic 
specimens the delicate abactinal spinelets are more or less obscured 
by a soft skin, traversed by fine channels. It is relatively thicker 
in the smaller than in the largest specimens and disappears on 
drying. 

PORANIA ANTARCTICA Smith 

Porania antarctica Smith, Ann. and Mag. Nat. Hist, ser. 4, vol. 17, 1876, p. 

108.— SiADBN, Ohallenffer Asteroidea, 1889, p. 360, pi. 59, fig. 3.— Kobhlbjb, 

Deuxidme Exp. Ant. Frangaise, fichinod^rmes, 1912, p. 66. — Ludwiq, Expcd. 

Ant Beige, Seesterne, 1903, p. 22, pi. 2, flgs. 18-20. 
Porania magellanica Studeb, Monatsber. preuss. Akad. Wlss. Berlin, July 1876, 

p. 459. — Sjladen, OhaXlenoer Asteroidea, 1889, p. 368, pi. 59, fig. 5. 
Glabraster mageUaiMca A. H. GiJkBX, Journ. Wash. Acad. Sci., vol. 6, 1916, p. 

122. 
Glahraster antarctioa A. H. Giabk, Journ. Wash. Acad. Sci., vol. 6, 1916, p. 

122. 

Punta Arenas, Chile, February 1, 1927, one specimen. 

For a critical discussion see Koehler, 1912, above. Sladen gives 
excellent figures of the entire animal, and Ludwig, details of 
skeleton. 

HELIASTER HELIANTHUS (Lamarck) 

Mteriaa helianihuB Lamabok, Animanx sans vert^bres, 1816, vol. 3, p. 245. 
Heliaster helianthua Dujabdin and Hup£, 1862, p. 343. — H. L. Clark, Bull. Mus. 
Comp. Zo51., vol. 51, 1907, p. 42, pi. 3, flg. 1 ; pi. 7, flgs. 1-7. 

Tocopilla, Chile, November 14, 1926, one specimen. 
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Salaverry, Peru, October 18, 1926, three specimens. 
Clark gives a full description and figures. These specimens were 
taken well within the known range. 

HELIASTER CANOPUS Pcrrier 

Eeliaster canopus Perbikb, B4y. des SteU$rides, 1875, p. 88.— H. L. Clabk, BuU. 
Mus. Comp. Zool., vol. 61, 1907, p. 45, pi. 3, fig. 2; pi. 8, fig. 7. . 

Juan Fernandez, December 8, 1926, eight specimens. 

The largest example has R, 72 millimeters and 21 rays. Clark, 
who gives a full description and figures, records 60 millimeters as 
being the maximum among his 27 specimens. 

HBLIASTEB POLTBBACHIUS Clark 

Eeliaater polv^rachAus H. L. Gij^bk, Bull. Mus. Comp. Zo51., vol. 51, 1907, p. 54, 
pi. 2, fig. 2; pL 7, flg. 12; pi. 8, fig. a 

Talara, Peru, August 29, 1926, two specimens. 

As Clark points out, this is the mainland form of H. eummffU 
(Gal&pagos Islands). Reference should be made to Clark's paper 
for description and figures. 

ASTROSTOLB PLATEI (Melsiner) 

Text Figures 2, 2a 

Aaterias (Cosoinasterias) platei Meissneb, Archiv f. Naturgesch., 1896, p. 103, 

pi. 6, flg. 2. 
Astro8tole platei Fishes, BuU. U. S. Nat. Mus. 76, part 2, 1928, p. 130. 

Seven rays, some incomplete ; no label, but in container with four 
specimens of HeUaster canopus; hence from Juan Fernandez. - 
Material in poor condition. 

Meissner has given a good figure of this species which is a typical 
Aatrostole. The type is eight-rayed. Inner furrow-spine tapered, 
shorter and slenderer than outer, which is slender with truncate 
tip, but not tapered. Three series of prominent ventro-lateral 
spines, longer than adambulacrals and with flattened, rounded or 
truncate tips, often shallowly gouge-shape. Inner of these three 
series are actinals, the other two inferomarginals. They form also 
oblique transverse combs, the base of outer spine carrying prominent 
bouquet of crossed pedicellarifiB. 

Superomarginal spines about the same length, usually on alternate 
plates; a very irregular series of acicular carinal spines between 
which and superomarginals are irregularly spaced similar dorsolat- 
erals corresponding to about two series on either side — all with 
conspicuous wreaths of crossed pedicellarisB, about 0.4 millimeter 
in length (figs. 2, 2a) . Straight pedicellariae slender-lanceolate, rare 
except on furrow face of adambulacrals. Superomarginals with 
conspicuous area of tiny hyaline bosses. 
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This species is very nearly related to Astroatole paschae (H. L. 
Clark) of Easter Island. The general appearance of the two forms, 
and the details of the crossed pedicellariae are closely similar. The 
crossed pedicellariae of pasohae^ average about 0.35 millimeter in 
length (profile view) while those of pl^Uei are aroimd 0.4 millimeter. 
Some reach 0.45 millimeter. Only one specimen of each species has 




FiGUEB 2. — ^ASTSOSTOLB PLATBI. ABACTINAL CBOSSBD 
FBDICBLLAaiA, 0.42 MILLIMBTBSS LONG, XlOO, 2a, 
A 8IN0UB JAW^ X200 

been examined ; in fact, no specimens of paschae other than the type 
are known. 

MBTENASTBB GELATDIOSUS (Meyea) 

Asterias ffelatmosa MEYinr, Reise nm die Erde, vol. 1, 1834, p. 222. — Clabk, 

BoU. Mua Comp. Zo51., voL 52, 1910, p. 337, pi. 6, fig. 2. 
Meyen4i8ter ffelatinosus Verrdx, Amer. Journ. Sd., vol. 35, 1913, p. 486. — 

FisHKB, Bull. U. S. Nat. Mus. 76, part 2, 1928, p. 131, pi. 42, figs. 9, 9a; pi. 4&, 

flg. 7. 

Antofagasta, Chile, November 15, 1926, one specimen. 
For a discussion of this genus see Fisher, citation above. 

COSMASTEBIAS LUBIDA (PUlippi) 

Aateraeanthion luriOwn Phujfpi, Archly t. Naturgesch., vol. 24, 1858, p. 265. 
Costnasterias lurida Ludwio, Exped. Antarct. Beige, 1903, p. 40. — Koehljcb, 

]>eiiz. Exp. Antarct. Frangaise, £cfainoddnnes, 1912* p. 23, pi. 2, figs. 1-7; 

pL 5, flg. 8. 

Punta Arenas, Strait of Magellan, February 5, 1927, one specimen 
(R, 29 mm.). 

This species, of many aliases, is characteristic of the region of the 
Strait of Magellan and adjacent coasts of both Atlantic and Pacific 
sides; Tierra de Fuego; South Georgia; low tide to 848 fathoms. 

^ For figures see Fisher, Boll. U. S. Nat. Mns. 76, part 2, plate 42, figures 7, 7a. 
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Geniu ANASTERIAS Perrier 

Anaateriaa Fsboobbl, R4v. Stell., 1875, p. 81 ; 1891, p. 91. Type Anaaieriag minuta 
Perrier.— FiSHBB, Smithsonian Misc GoU, voL 52, 1908, p 52; Zooh Ans., 
ToL 88, 1908, p. 856 ; Ann. Mag. Nat Hist, ser. 9, toL 10, 1922, p. 682 ; toL 18, 
1926, p. 197; Bull. U. S. Nat. Mua. 76, part 8, 1980, p. 221. 

Aateroderma Pebrieb, Comptes-rend., vol. 106, No. 11, 1888, p. 763 ; Mission scL 
Cap Horn, 1891, p. 96. Type, Asteroderma papillosum Perrier, 

[Not Anasterias Lndwig, 1908; nor KoeUer, 1906, 1908, 1912, 1920, 1928; 
nor Verrill, 1914. See Lusaaterias.] 

DiaffivoHs. — ^Resembling SporasteriaSj but the abactinal skeleton 
typically reduced to an open, delicate irregular mesh, entirely hidden 
by thick pulpy skin, which in the adult, even when dried, may con- 
ceal the underlying plates. Both series of marginal plates well 
developed; the superomarginals commonly monacanthid (or spine- 
less), the inferomarginals diplacanthid; one series of actinals, spo- 
radically spiniferous; adoral carina composed of about three pairs 
of contiguous postoral adambulacral plates; interbrachial septum 
strongly calcified; gonads opening ventrally — ^paedophoric. 

RenuirJc8. — ^The above diagnosis is intended to characterize two 
known species of a larger group which includes Sporctsterias and 
possibly KalA/ptdsteriaa^ and which by right of priority would be 
called Anasterias, This diagnosis of Anasterias is therefore of the 
subgenus Anasterias. 

Notes on the history of this group will be found in Asteroidea of 
the North Pacific and Adjacent Waters, Part 8.* As there noted, 
the group is given generic rank in order to direct attention to the 
peculiar characters of Anasterias, ss. There seems to be no clear 
line of demarcation between Anasterias and Sporctsterias. 

▲NA8TBRIAS MINUTA Perrier 

Plate 6; Plate 7, Figures 1, 2; Plate 8 

Anasterias minuta Pebbieb, B6t. Stell., 1875, p. 81 ; Mission sci. Cap Horn, 1891, 
p. S3 (part).— -Fisher, Bull. U. S. Nat. Mus. 76, part 3, 1930, p. 223. 

f Aiteroderma papillosum Pebbieb, Comptes-rend, voL 106, No. 11, 1888, p. 765 ; 
Mission sci. Cap Horn, 1891, p. 96. 

f Anasterias minuta var Asteroderm4i papillosum Pebbdcb, 1891, pi. 10, fig. So-So. 

The type of this species is in the Museum dUistoire Naturelle (E, 
792, Hombron et Jacquinot, f847, alcohol). Perrier considered 
the type locality to be Port Famine, Magellan Strait. 

In addition to Doctor Schmitt's material, I have two dried speci- 
mens from Darwin Harbor, Choiseul Sound, Falkland Islands (No. 
2623 Mus. Comp. ZooL). The smaller measures R, 18 millimeters, 
r, 6 millimeters ; the larger R, 48 millimeters, r, 13 millimeters. In 

« Boll. U. S. Nat. MuB. 76, part 8, 1030, p. 221. 
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the smaller example the abactinal skeleton is clearly visible and con- 
sists of a weak, irregular reticulum resembling the condition in A. 
pedicellaria as figured by Koehler ' and closely similar to that of the 
type specimen of imnuta. Most of the superomarginals carry one 
spinelet and the inferomarginals two, while scattered along the inter- 
marginal channel and inside the furrow margin are rather numerous^ 
lanceolate, straight pedicellariae two-thirds the length of the supero- 
marginal spinelets. In the larger specimen, however, the abactinal 
integument has thickened and conceals the skeleton, which is quite 
weak and irregular as in Koehler's Plate 5, Figure 1, alluded to 
above. The proportions are about as in Figure 4. There are a few 
actinal plates and spines at the base of the ray and the adoral carina 
is composed of three pairs of contiguous adambulacrals, the first pair 
larger than second, and the second larger than third. The supero- 
marginal spines have been mostly absorbed ; pedicellariae as in the 
small example. A third specimen (No. 2624) carries a cluster of 
young. 

Sixteen specimens from Port Stanley, Falkland Islands, collected 
February to April, 1927, by Dr. Waldo L. Schmitt (pis.* 6, 7). These 
are evic^ntly conspecific with the Darwin Harbor examples. A well- 
hardened alcoholic example (R., 48 mm.) resembles the Kalyptag' 
teriaa conferta figured by Koehler.* The abactinal plates are slender, 
delicate, and form an irregular reticulum, with very large meshes, 
and are entirely hidden until dried by the soft pulpy integument. 
Dorsal spinelets few and widely scattered; only a few abactpial 
crossed and straight pedicellariae. Superomarginal plates normal, 
not massive, each with one blunt, terete, slender spinelet, 1 to 1.5 
millimeters long; inferomarginals with two decidedly stouter and 
longer spines; actinal plates with one spine, slightly smaller, the 
series extending two-thirds length of ray, each spine forming with 
the inferomarginal spines a transverse series of three. Numerous, 
rather thickly lanceolate, subobtuse straight pedicellariae, decidedly 
longer than broad, are scattered on the marginal and actinal plates 
in Mie intermarginal channel and along edge of furrow. No asso- 
ciated cross pedicellariae^ except near the end of the ray, and there 
only a few. [IxxSporasterias antarctica the superomarginals are nor- 
mally surrounded by crossed pedicellariae, and the inferomarginal 
plates carry at least a few on the intermarginal side of the spines.] 

Another lot of nine from Port Stanley (April 16, 1927) differs 
in having numerous small capitate abactinal spinelets and fairly nu- 
merous abactinal (but not marginal) crossed pedicellariae; straight 
pedicellariae scattered over abactinal surface and distributed later- 

* Swed. Antarctic Exp., vol. 1, no. 1, 1928, pi. 5, figs. 1 and 4. 

* Idem, pi. 4f tgfi. 8 and 4. 
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ally and actinally without associated crossed pedicellariae; integu- 
ment thick, pulpy, in alcohol. When dried a specimen would pass 
for an aberrant Sporasterias cmtarctica^ with weak dorsal skeleton. 
One specimen carries a thick mass of eggs in the oral concavity. 

There is a lot of 18 specimens from near Teal Inlet, Falkland 
Islands, ranging in size from R, 10 to R, 33 millimeters. Four 
of these (R, 27 to 33 mm.) have a rather thinner skin and numerous 
abactinal spinelets (pL 8). When dried the abactinal skeleton is 
seen to be much stouter than in mdnuta. The specimens resemble 
Sporasterias arvtarctioa^ almost devoid of crossed pedicellariae and 
with practically no straight pedicellariae except on furrow margin. 
The other eight, probably collected at the same station, have the 
thicker integument and weak abactinal skeleton of minute^ but like- 
wise have very few pedicellariae. 

I do not know whether these two lots represent varieties of one 
species or two distinct species. They make any sharp separation of 
Sporasterias from Anasterias well-nigh impossible. 

* ANASTERIAS PEDICBLLAKIS (KocUer) 

Bparasterias peOiceUaris Kobbucb, Swed. Ant. Exp., yol. 1, No. 1, ld28, p. 18, pL 

5, flgs. 1-6; pL 6, figs. 1-6, 7-10. 
Bporasierias atUardioa Koehubb, 1920, p. 78, pL 18, fig. 4. 
f AnoBterias perrieri Perbieb, Mission sci. Cap Horn, 1891, p. 7 (not Stoder, 

1885). I have seen a specimen at the Mns^nm d'Hlstoire NatureUe. 
Anasterias pedioeUaris Fishb, BnU. U. 8. Nat Mas. 76, part 8, 1980, pi 226. 

This species is folly described and figured by Koehler. He notes 
that in some specimens the spines and characteristic pedicellariae 
may be very slightly deyeloped, or are even lacking. He writes also 
that the external appearance, in respect to the more or less soft con- 
sistency of the abactinal wall, resembles that of Lysasterias. 

Under this nominal species I have tentatively classified several 
specimens, mostly in a bad state of preservation, which were collected 
at Port Stanley, Falkland Islands. The abactinal spinelets are 
fairly numerous, and scattered among them are numerous crossed 
pedicellariae. In contrast to the condition in mmtUa, a few crossed 
pedicellariae here and there accompany the conspicuous lanceolate 
pedicellariae of the superomarginal and inf eromarginal plates (B, 40 
mm., r, 12 mm.). 

Koehler's material was taken at Tierra del Fuego, 36 meters, and 
the Falkland Islands, 7 to 10 meters. Certain specimens collected 
at low tide. Sparrow Cove, East Falkland, are probably the same as 
my mintUa, since "les piquants et les pedicellaires sont tres pen 
developp^ et ils font meme compl&tement d^faut sur certains 
exemplaires.^' 

It is likely that pedicellaris and fndnuta are two ^^ manifestations " 
of a single species. 
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ANASTEBIAS CONFERTA (KocUer) 

Kalyptasierias conferta Koehleb, Further Zoological Results of the Swedish 
Antarctic Expedition 1901-1908, vol, 1, No. 1, 1923, p. 43, pi. 4, figs. 1-7.— 
FiSHEB, Bull. U. S. Nat Mus. 76, part 3, 1930, p. 284. 

Teal Inlet, Falkland Islands, April 11, 1927, one specimen (R, 
33 mm.). 

The abactinal plates have degenerated so that they are entirely 
disconnected. The skeleton is represented by scattered small circular 
and slender elongate ossicles. Similarly the marginal plates are 
reduced in size, the spineless superomarginals forming a slender 
sinuous longiseries, as called for by KoLyptcLsterias. 

I think it likely that this specimen will eventually prove to be an 
extreme variant or forma of A. minuta. In view of the wide range 
of variation in Anasteriaa it will be very difficult to maintain Kdlyp- 
tagterioB even as a subgenus, as I suggested doing in a summary of 
southern Asteriinae.* 

SPORASTERIAS ANTABCTICA (Ltttken) 

Asteracantkion arUarcticum LtJTKEN, Vldensk. Med., 1856, p. 105. 

Sfiorasierias antarctica Ltowio, Exp. Antarct Beige, 1903, p. 39. — Kobhleb,^ 
Austral. Antarctic Exp., Series C, vol. 8, pt 1, Asteroidea, p. 78, pi. 18, 
figs. 1-4 ; pi. 28, figs. 1-4.— Fisher, BuU. U. S. Nat. Mus. 76, part 3, 1930, p. 
240. 

Punta Arenas, Strait of Magellan, February 2, 3, 4, 1927, 46 speci- 
mens. Deseado, Patagonia, tide flats, May 7, 1927, 3 specimens. 
York Bay, Port William, Falkland Islands, March 20, 1927, 2 
specimens. 

STICHASTER STBIATUS (Mliller and TtoscImI) 

A9terias aurantiaca Meyen, Reise urn die Erde, vol. 1, 1834, p. 222 (not Lin- 
naeus). 

Btiohaster striatua MihsLxs. and Tboschel, Archly f. Naturgesch., 1840, p. 
821.— Vebmll, ShaUow-water Starfishes, 1914, p. 362.— Fisher, Bull. XJ. S. 
Nat Mus. 76, part 3, 1930, p. 241. 

Stichaster auranUacus YsBRnx, Trans. Conn. Acad., vol. 1, part 2, 1867, p. 
293. — Clabk, Bull. Mus. Comp. Zo(Jl., vol. 52, 1910, p. 337, pi. 8, fig. 1. 

San Lorenzo Island, Callao, Peru, November 1, 3, 1926, two 
specimens. 

Tocopilla, Chile, November 14, 1926, one specimen. 

• Bull. n. S. Nat. Mu8. 76, part 8, 1980, p. 223. 



Digitized by LjOOQ IC 



10 PBOOEBDINOS OF THE NATIONAL MTJBBT71C tolTB 

BXPLANATION OF PLATBS 

PlATB 1 

Ophidiatier affiusieii, Juan FemandeE; abactinal surface, X3JS. 

Flats 2 
Ophidiaster agasaizii; actinal sarface of specimen figured In plate 1, X4. 

Plate 3 

FioxTBB 1. Patiria chUensis; abactinal surface, X2. 
2. Same specimen; actinal surface, X2. 

PIA.TB 4 

FiQWE 1. Patiriella oalcarata, Juan Fernandez; abactinal surface, X2.8. 
2. Same specimen; actinal surface, X2.8. 

Platb 5 

FiGXiBB 1. Patiriella Hmhiiatd, Port Stanley, Falkland Islands; abactinal 

surface, X4. 
2. Same specimen; actinal surface, X4. 

Platb 6 

Anasteriaa minutaj Port Stanley, Falkland Islands; abactinal aspect of a dried 
specimen of typical form, X2. 

Platb 7 

FiouBB 1. Anasteriaa minuta; actinal surface of specimen sbown in plate 6, 
slightly less than twice natural size. 
2. Anasteriaa minuta; young specimen from Port Stanley, XZJ6. 

Platb 8 

Anasterias from near Teal Inlet, Falkland Islands, mentioned in text, p. 8 ; XZ3. 



tt. 1. 8oviRaaiaT raiMTiac omctt mii 
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OPHIDIASTER AGASSIZII 
For explanation of plate see page 10. 
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OPHIDIASTER AGASSIZII 
For explanation of plate see page 10. 
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PATIRIA CHILENSIS 

For explanation of plate sfe page lo. 



Digjl^rii)y LjOOQ IC 



U. S. NATIONAL MUSEUM PROCEEDINGS. VOL. 78. ART. 16 PL. 4 



PATIRIELLA CALCARATA 
For explanation of plate see pace 10. 
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PATIRIELLA FIMBRIATA 

FOR EXPLANATION OF PLATE SEE PAGE 10. 



Digiti 



iz^TBy Google 



U. S. NATIONAL MUSEUM PROCEEDINGS. VOL. 78. ART. 16 PL. 6 



ANASTERIAS MINUTA 

FOR EXPLANATION OF PLATE SEE PAGE 10. 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM PROCEEDINGS. VOL. 78. ART. 16 PL. 7 




ANASTERIAS MINUTA 
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AN ASTER IAS 
For explanation of plate see page 10, 
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ECHIUKOID WORMS OF THE NORTH PACIFIC OCEAN 



By Walter Kenrick Fisher 



The echiuroids, sometimes called spoon worms from the shape of the 
coDtracted prostomium or proboscis, are cigar-shaped or sausage- 
shaped creatures, essentially highly muscular sacs filled with fluid in 
which the long alimentary canal and other organs have great freedom 
of movement. The mouth is anterior, usually at the base of a snout 
or a long proboscis used for gathering food. The skin is highly gland- 
ular and is covered by a very thin cuticle. Typically there are two 
hooked setae behind the mouth, and two genera have either one or two 
circles of setae at the posterior end of the body. The alimentary canal, 
in contrast to that of most annelids, is several times the length of body 
and consists of a long foregut, difiFerentiated into pharynx, esophagus, 
gizzard, and stomach, a still longer midgut or intestine, accompanied 
for a considerable part of its length by a collateral intestine, or siphon, 
and finally a short hind-gut or cloaca, into which empty two usually 
voliuninous, sometimes branched, vesicles, the walls of which are 
studded with minute ciliated funnels. The anterior nephridia, 
typically elongate, thin-walled sacs, varying from one to many, but 
usually from one to four pairs, have a basal or terminal nephrostome, 
the lips of which may be greatly prolonged and spirally twisted. The 
nephridia vary greatly in size and when filled with eggs or sperm are 
often very large. The vascular system consists of a ventral vessel 
following the nerve cord to form a loop in the proboscis from the tip of 
which a median vessel passes backward in the proboscis and along the 
dorsal side of foregut to beginning of midgut, where a neurointestinal 
vessel joins it to the ventral vessel. In Ureckia there are no blood 
vessels. 

215 
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Echiuroids are burrowers in mud or sand, where they fashion more 
or less permanent tunnels. Sometimes they live imder rocks; some- 
times in mud-filled mollusk shells or sand-dollar tests, which afford 
some protection; or they inhabit the rock galleries excayated by boring 
clams. Their food consists of organic material contained in the mud 
which they swallow in large quantities, or of lighter organic detritus 
selected by the usually long proboscis. In the same species from dif- 
ferent localities the intestinal pellets vary with the character of the 
bottom. One genus {Urechia) has very specialized feeding habits and 
uses only finely divided material, including bacteria. It is probable 
that any small organisms living in the surface film of mud will be 
eaten by echiuroids. Gisl6n (1940, p. 30) foimd the intestinal pellets 
of Echiurus echiurus ''to consist of the same stuff as that which is 
formed by the detritus-film growing on the aquarium bottom. There 
are thus plenty of sand grains; further the pellets consist of diatoms, 
algal threads, debris of leaves of phanerogams (Zostera et al.)> 
Infusoria, Bacteria, occasional Nematodes and Rotatoria and, to a 
large extent, of amorphous brown stuff which emanates from 
decomposed organic substance." 

The smallest sexually mature echiurpid I have ever seen is a 
Listriolobus peladea 7 mm. long (0.275 of an inch), and the largest is 
Urechia caupo, 470 mm. long preserved, or 18.5 inches. I have seen 
a relaxed living Urechia caupo 19.75 inches long. The Japanese 
Ikeda taenioidea, a remarkable and isolated form, attains a body 
length of 16 inches with a proboscis of 58 inches, or a total length of 
6 feet 2 inches (Ikeda, 1907, p. 20). 

More helpless, improtected animals can scarcely be imagined. The 
immature stages are prey for every predaceous inhabitant of the 
sea bottom. The adults are regularly eaten by fishes, especially 
flatfishes and rays, as well as by the Indians of Chilo6 Island, Chile 
(Gay, 1854, p. 475). In Japan and Korea Urechia unicinctua is 
extensively used as bait. Sato (1939, p. 319) states that in Korea 
the natives catch it by means of iron hooks and dry it for food. 

Systematics of the Echiuroidea present the usual problems in 
addition to others inherent to the group. The principal diflGiculty is 
the lack of structures having a permanent form. The setae are of 
very limited use; everything else is soft and capable of distortion. 
The practical diflGiculties encountered are those which would confront 
the student of holothurians if these creatures did not carry embedded 
in the skin a species label in the guise of characteristic calcareous 
deposits. Most of the generic and specific characters of echiuroids 
must be sought by careful dissection of the internal organs, which 
are susceptible to variation arising from accidents of fixation. Never- 
theless, a fairly satisfactory system of genera can be constructed. 
But it is obvious that dosdy related species may not be recognized, 
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or if recognized they may be impossible to describe in the absence 
of trenchant characters. Descriptions of echim^oids based on external 
characters or on a very summary enumeration of a few internal 
features have made it difficult to determine the generic position of a 
number of described forms. 

It has been a time-honored procedure to classify the echiuroids, 
sometimes in combination with the sipimculoids and priapuloids, 
under the name Gephyrea, as a class of the Annelida. In 1898 Prof. 
Adam Sedgwick, in his "Students' Textbook of Zoology," set up 
separate phyla for the Sipimculoidea and Priapuloidea but retained 
the Echiuroidea as a class of the Annelida. Since the development 
of Lrechia caupo has been thoroughly elucidated (Newby, 1940), 
it is now known that the echiuroids are not more closely related to 
annelids than to mollusks. Dr. Newby writes at length on a com- 
parison of echiiut)id development with that of the other invertebrates 
and on the phylogenetic position of the Echiuroidea. In conclusion 
he says (p. 209): 

There are many echluroid characteristics which indicate that this group is 
separate from the annelids: (a) The mode of development of the first somatoblast 
is different, (b) The anus is not homologous in the two groups and no procto- 
daeum is formed in echiuroids. (c) The mesodermal bands do not develop 
teloblastically in echiuroids. (d) The elongation of the larva is not teloblastic 
in echiuroids. (e) Three layers of body muscles are formed in echiuroids. (f) 
The ectomesoderm contributes to the body musculature in echiuroids. (g) A 
ciliated intestinal groove is formed in echiuroids and this becomes the primordium 
of the siphon. These structures are not found in the annelids, (h) Anal vesicles, 
probably of endodermal origin, are found in echiuroids. (i) The coecum of the 
larval digestive tract becomes a linear part of the adult tract in echiuroids. (j) 
The mesodermal bands of echiuroids show no evidence of segmentation, (k) 
The lack of segmentation in the mesoderm considered with the questionable 
nature of the segmentation of the nervous system and mucous glands and further 
considered with the "segmentation" of the shell glands of the chitons (molluscs) 
makes it appear probable that the echiuroids have a primary lack of metamerism. 

Against these numerous differences there are only three clear-cut characteristics 
in common between the echiuroids and annelids which are not also possessed by 
the mollusks. (a) The annelidan cross develops in both groups, (b) Both 
groups possess setae. (However setae are to be found in another group of animals 
[Braohiopoda] which do not belong to the Annelida.) (c) The lateral halves of the 
nervous system become merged into single, unpaired structures. 

With the above facts in mind it is evident that the echiuroids are only distantly 
related to the annelids. When numerous differences which appear in their 
development are considered, it seems improbable that the inclusion of the echiu- 
roids with the annelids as a sub-phylum or class, is justified. It is probably more 
accurate to consider the Echiuroidea as forming a separate phylum, distinct from 
the phylum Annelida, and I herewith propose that they be so considered. 

In the keys no mention is made of Epiihetosoma Danielssen and 
Koren, 1881. Th6el (1906, p. 9) has demonstrated satisfactorily 
that the animal is not an echiuroid, but most likely a nemertean. 
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Neither is Poeobius meseres Heath (1930) included. This remarkable 
pelagic transparent worm was first taken in 350 meters, Monterey 
Bay, Calif., and was later found to be abundant off southern Alaska. 
Its anatomy has been fully described by Professor Heath. Sub- 
sequently the writer observed and sketched a living animal. The 
blood vessels are clearly visible and contain a dull green fluid, but the 
enlargement of the dorsal vessel is dull red. Blood vessels extend to 
tip of the 2 prostomial palps and the 10 (possibly peristomial) cirri 

The creature has no paired appendages, no somatic s^mentation, 
and no setae. ''The nervous system conforms to the usual annelidan 
type, with supra-oesophageal ganglion, circum-oesophageal connec- 
tives, and a ventral nerve chain comprising 11 pairs of ganglia with 
the usual commissures and connectives. The somatic musculature 
comprises four great longitudinal bands, extending throughout the 
length of the body, and a more delicate external sheath of circular 
fibres." This is the annelid pattern and distinctly not the echiuroid. 
The head is unlike that of any known echiuroid but resembles 
that of some polychaete anneUds. The alimentary canal and 
nephridia seem to the writer to be specialized in much the same way as 
in the case of Siemaapis, which in one species {S, spinosua Sluiter) has 
the prostomium prolonged outward on each side to form a grooved 
palplike organ. The Scoleciformia, however, have definite mesoder- 
mal segmentation. 

The difficulty in finding a place for Poeobius may well mean that it 
is not an annelid or a echiuroid or a link between the two. Althou^ 
nothing whatever is known of the development of Poeobius, we have 
to assume that mesodermal segmentation is absent; therefore it is not 
an annelid. Its nerve cord is segmented (implying pseudometamer- 
ism). The nerve cord of larval echiuroids is segmented, but this is 
lost in the adult, suggesting that the ancestors, while deprived of 
mesodermal metamerism, still had a pseudometamerism of the nerve 
cord. A tenable hypothesis is that the echiuroids and Poeobius 
stemmed from a common group that was as fundamentally un- 
segmented as the Amphineura among moUusks. According to this 
view Poeobius is the survivor of a lesser phyliun, comparable to the 
Phoronidea and Priapuloidea. As the genus now floats in a sort of 
taxonomic limbo, it may be provisionally assigned to a new phylum, 

POEOBIOIDEA. 

The region covered by this report includes all the water north of a 
line drawn from Cape San Lucas, Baja California, to the southern 
end of Sakhalin Island on the east Asiatic coast. The Gulf of Cali- 
fornia has been included, and a species long ago dredged by the 
Albatross in Japanese waters has been added, as it modifies the 
concept of AcarUhohamingiaf which I wished to include in the key. 



Digitized by LjOOQ IC 



ECHIUROm WORMS OP NORTH PACIFIC — FISHER 219 

The specimens upon which this paper is based have been accumu- 
lated slowly over a considerable period of years.* In addition, the 
material belonging to the United States National Museum was 
placed at my disposal, and an important collection belonging to the 
Allan Hancock Foundation of the University of Southern California 
was tendered by Dr. Olga Hartman. The types of all the new species 
are in the collection of the National Musemn. 

The following new genus, based on an extralimital species, will be 
found in the text: Lissomyema, type Thalassema meUita Conn (under 
Listriololma), 

Phylum Echiuroidea' 

Echiuroidea Ssdowick, 1898, p. 527 (class of Annelida). 

Unsegmented, bilateral, fusiform or sacculiform animals with 
anterior mouth and posterior anus, but no proctodaeum; a long con- 
voluted alimentary canal lying in a spacious coelom of schizocoelous 
type; a muscular body wdl composed of three layers, of which the 
middle (with one exception) is composed of longitudinal fibers; with 
one to very numerous anterior nephridia fimctioning as gonothecae; 
with typically two anal vesicles having numerous ciliated funnels 
and fimctioning as excretory organs; alimentary canal typically with 
collateral intestine or siphon; usually with a prostomial proboscis, 
which may exceed length of body but which is sometimes absent; 
usually with ectodermal setae, of which two, ventrally situated be- 
hind mouth, are most constantly present, together with sometimes 
one or two circles at posterior end of body; but setae absent in a few 
genera; ventral nerve cord imsegmented forming, around the mouth, 
a loop which follows border of proboscis; gonad, where known, in 
mesentery above nerve cord, or in the mesenteries surrounding cloaca. 

KEY TO CLASSES 

aK Body wall with innermost circular or oblique layer of muscles well developed; 
anal vesicles present; collateral intestine or siphon well developed; pro- 
boscis and anterior setae present in nearly all species Bchiurida (p. 220) 



1 1 am espedaUy bebolden to my former oolleagae Prof. George E. MacGinitle for material of UrechU 
ampo, LUtrioMnu pelodeg, and OdietoHoma oetomfdum; to Edward F. Rioketts for the type of Eekhtnu 
teMwtu aUukanui and a small collection made by bim and John Steinbeck in the Golf of California; to Dr. 
Olga Hartman for a specimen of Liaomvema mettUa; to Prof. 8. F. Light for a perfect specimen of LittrioMma 
pelodet; to the Moseom of Comparative Zook)gy for a specimen of UrteMa chUentia; to Dr. W. L. Lloyd, 
CabrUk) Marine Mosemn, San Pedro, Calif., for the loan of a specimen of Oeketottoma odomvotum; to Prof. 
John H. Oeroold for the loan of several rare reprints; and to Dr. Waldo L. Sohmitt, U. S. National Museum, 
for numerous favors. 

* Echiuroidea was introduced as a snbphylom by A. H. Clark (Bull. Inst. Oo6anogr. Monaco, No. 400, 
p. 34, 1021) and as a phylum by W. W. Newby (1040, p. 210) and Libbie H. Hyman (1040, pp. 34, 68). As a 
matter of record, Edward F. Rlcketts was the first to use Echiuroidea as a phylum name, hi an excellent 
semipopular text "Between Pacific Tides" (Rlcketts and Calvin, 1030, p. 372), perhaps hidted thereto by 
the present writer who has advocated this i>rocedure to his classes for 20 years. 
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a*. Body wall with innermost circular layer missing or degenerated to a net 
of fibers; no anal vesicles; apparently no siphon; no proboscis and no 
setae.. Sactosomatida * 



Class ECHIURIDA 

KEY TO ORDERS 

a^ In body wall longitudinal muscle layer lying between outer circular layer 
and inner oblique layer; nephridia, normally paired, not excessively nu- 
merous. 
h^. A closed blood-vascular svstem; no specialisation of intestine for anal 

respiration Behiuxoinea Bock (p. 220) 

&*. No vascular system, coelomic fluid being heavily charged with large blood 
corpuscles containing hemoglobin or hemoglobin plus hematin; in- 
testine with terminal portion enlarged, thin-walled, to receive water 

from cloacal pump Xenopneuata, new order (p. 262) 

a*. Longitudinal layer of body wall lying outside of both the circular layer and 
inner oblique layer; nephridia excessively numerous, impaired (and with 
terminal nephrostome) ; proboscis excessively long. 

Seteromyota,^ new order 

Order EcfflUROlNEA Bock, emended 

A closed blood-vascular system; no specialization of intestine for 
anal respiration. 

KEY TO FAMHJES 

a^ Dimorphic; male degenerate, planarianlike, parasitic in or on female; female 
resembling ThdUissema but with bifid proboscis in some genera; anal vesicles 
consisting of branched tubules ending in numerous ciliated cups; anterior 
setae sometimes present; posterior setae absent Bonelliidae (p. 249) 

a*. Not dimorphic; proboscis usually conspicuous, sometimes several times length 
of body, but never bifid; absent in one genus; anal vesicles not branched 
but in form of elongate sacs, surface of which is covered with minute cilated 
funnels; anterior paired setae present in all genera, posterior setae in 
^cWuru* only Bchiuridae (p. 221) 



* New name for Saooosomatida Tbtel (1006, p. 14). Thtel instituted the group as a suborder for Saeeo- 
toma vUreum Danlelssen and Koren (1881, p. 34, pi. 6, figs. 1-8). This species is based on a single imaU 
example dredged in 1,215 fftthoms nortb of the Faroe Islands. It is a female and the spedes may prove to 
be dimorphic, as there is a single nephrldium filled with eggs and opening near the mouth. The probosds 
may have been lost. It is aberrant from all other ecfaiuroids and may not be an echiurold. Aseooioma 
Danlelssen and Koren Is preoccupied by Saeeotoma Motschoulsky, 1850, in Coleoptera (BoH Acad. St. 
P6tersbonrg, vol. 1, column 804). The new name "Bactosoma" (with identical meaning) is propoced to 
replace Saeeosoma Danlelssen and Koren. 

* Based on the remarkable genus Ikeda Wharton, 1013, pp. 248-270. Type, TKaJauema (ocnioUet Ikeda, 
1004, p. 63; 10O7, p. 16, pi. 1, fig. 8; pi. 2, figs. 18-22; pi. 3, flgs 23-36; pi. 4, ilgs. 87-47. This large echinroid, 
with a probosds upward of a meter or more in length and nephridia from 200 to 400 in number without 
Indication of paired arrangement, is so different trom the general run of the phylum that it deserves to be 
set apart as the type of at least a distinct order. The arrangement of musde layers is difleront ftom that of 
all other echiuroids and indicates a long separation from typical stock. See Sato, 1081. p. 170. 
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Family ECHIURIDAE (de BlainviUe, 1827, restricted) 

KEY TO GENERA 

a^ Two circles of posterior setae Schiurus Gu^rin-M^neville (p. 225) 

o*. No posterior setae present. 

6>. Proboscis absent Arhynehite Sato (p. 247) 

6*. Proboscis present, 
e^. No differentiated thicker bands in longitudinal muscle layer. 
d}, Nephrostome of nephridia without elongated, spiraUy coUed lips. 

Thalaaaema Lamarck (p. 230) 
d*. Nephrostome with elongated, spirally coiled lips. 

AnelassorhynehuB Annandale (p. 221) 

c^. Longitudinal muscle layer with very slight to pronounced differentiation 

into longitudinal bands, 8 or more in number. 

<r. Nephrostome of nephridia without spirally coiled lips; inner layer of 

muscles not differentiated into separate transverse fascicles between 

longitudinal bands Liasomyexna, new genus (p. 224) 

d*. Nephrostome with elongated spiral lips, 
e*. Differentiated longitudinal muscle bands weak, zones between not 
showing a fasciculate arrangement of inner oblique muscles; in 
small specimens longitudinal bands very faint or visible only in 

posterior region Idstriolobua W. Fischer (p. 233) 

c^. Longitudinal muscle bands strongly developed, zones between 
crossed by separated fascicles of innermost, oblique layer. 
p. Nephridia in 1 to 5 pairs; vascular ring vessel at beginning of 

midgut Ochetostoma Leuckart and RQppell (p. 240) 

p, Nephridia, at least in male, in 6 to 14 groups of 1 to 4, the groups 
arranged in pairs; vascular ring vessel at posterior end of 
pharynx Ikedosoxna Bock (p. 224) 

Remarks. — In the forgoing sjmopsis all the generic divisions, 
with the exception of Echiurus, are the result of subdividing the old 
genus Thaiassema. In a very real sense these groups are provisional 
because adequate descriptions and figures of the internal structure 
of many species have not been published. 

Thalassbma Lamarck. — ^The genus has been restricted to a few 
species grouped aroimd the type, ThalcLssema thaiassema (Pallas), 
generally known as Th, neptuni Gaertner. The middle, longitudinal 
layer of muscle fibers of body wall shows no sign of differentiation 
into thicker bands. The internal opening of the nephridia is veiy 
simple, without prolongation into spirally coiled lips. 

Anelassorhynchtjs Annandale (1922, p. 148). — It may not be of 
any practical value to recognize this group. The species differ from 
Thaiassema in having the nephrostome lips prolonged and spirally 
coiled, but little is known of other details of the internal anatomy. 
Annandale based the genus on the structure of the proboscis of four 
estuarine species occurring in brackish water of India and Siam. 
He says: 

The genus consists of Echiuridae allied to TKalassema Gaertner, but differing 
in the structure, function, and physiology of the proboscis. This organ is rela- 
tively stout and short, incapable of great prolongation or autotomy. The ciliated 
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groove on its ventral surface is feebly developed and the lateral margins of the 
ventral surface bear (except in A, micrarhynehus) gill-like outgrowths. The 
longitudinal muscle-fibres of the body form a single sheath and the musculature 
bears a close resemblance to that of some species of Thalaasema. There are two 
pairs of nephridia. The anal funnels are simple and thin-walled; their ciliated 
funnels are minute. 

The type-species is A, hranchiorhynchus (Annandale dc Kemp). The other 
species are A, dendrarhynchus (Annandale dc Kemp), A, sabinum (Lancheeter) 
and A. microrhynchtu (Prashad). 

It seems to me that the modifications of the proboscis, which 
exhibit a number of gradations in complexity, are adaptations to an 
ecology in various ways abnormal, a parallel development being 
found in Oehetostoma arkati (Prashad). But these species agree with 
certain others in having a more specialized nephrostome than is 
found in Thalasaema ttuUassema and close aUies. 

1. With two pairs of nephridia (behind the setae): sabinum Lanchester, 
hranchiarhynchus Annandale and Kemp, dendrarkynckus Annandale and Kemp, 
microrhynchus Prashad, semoni Fischer. 

2. With three pairs of nephridia, aU three opening behind the setae: mueoMa 
Ikeda, vegrande Lampert (no proboscis). First pair opening in front of setae: 
inanefUM Ikeda, moebii Greef. 

Unless some definite character other than the nephrostome is dis- 
covered, there will be a practical difficulty in distinguishing young 
ListriolobuSf in which the differentiation of longitudinal muscle 
bands is very weak. 

LissoMTEMA. — ^Through the kindness of Dr. Olga Hartman I 
have received a specimen of Thaiassema meUita Conn collected by 
her at the type locality, Beaufort, N. C, in June 1940. It is 36 
mm. in length, with proboscis 16 mm. additional. From the outside 
the eight longitudinal muscle bands are clearly visible. Figure 10 
represents a dissection of the anterior portion. The muscle bands 
are much more sharply delimited than in lAstriolobus by having an 
incipient fasciculation of the muscles of the oblique layer, possibly 
representing the first stage in the differentiation of the strong trans- 
verse bimdles characteristic of Ochetostcma, The species has simple 
fan-shaped nephrostomes and very heavy interbasal and radiating 
seta muscles. The gizzard is relatively short and the stomach {C) 
is relatively long. An individual variation is the presence of three 
nephridia on one side and two on the other. The species is described 



Figure 10. — Lissomyema meUita (Conn) : Dissection of anterior region of a specimen from 
Beaufort, N. C, X 12. Six of the eight muscle bands are diagrammatically indicated by 
dots. The alimentary canal is drawn to the right to disclose the organs beneath it. 
{B^y JS*, B^t dorsal, neurointestinal, and ventral blood vessels; C, stomach; G, gizzard; 
/, intestine; MD, middorsal muscle band; Ml^ interbasal muscle; MV^ midventral muscle 
band; N^ nephridia; NC^ nerve cord; 0, esophagus; P, pharynx; S, seta; Sil^ beginning of 
siphon.) 



Digitized by LjOOQ IC 



ECHIUBOID WORMS OF NORTH PACIFIC — ^FIBHBJB 223 




Figure 10.— (Sec oppotitc page for legend). 
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as having two pairs. The anal vesicles are voluminous with numerous 
conspicuous ciliated fimnels. The ventral blood vessel sends an 
important branch to the pharynx and esophagus. 

For this species, therefore, I propose the new genus lissomyemay 
which differs from ThaUtssema in having eight well-differentiated longi- 
tudinal muscle bands and incipient fasciculation of the oblique layer; 
from lAstriolohua and Ochetostoma in having simple fan-shaped nephro- 
stome without trace of spiral extensions. Type, Thalaasema meUita 
Conn. (Fig. 10.) 

iKEDOsoBfA Bock. — Thala88ema elegana Ikeda' does not belong in 
Thalasaema. Ikeda (1907, p. 60) writes: "All the longitudinal lines 
visible on the outside, excepting the one which runs in the mid-ventral 
line and is superposed by the nerve-cord, appear on the inner surface of 
the body-wall as slightly elevated narrow ridges or thickenings oj the 
longitudinal muscular layer. In the ten zones separated from one 
another by the above lines, the circular muscle fibres form more or 
less regularly arranged transverse bundles." This structure of the 
body wall closely approximates that of Ochetostoma, but elegans is 
peculiar in having numerous (13 to 27) nephridia in six or seven 
pairs of groups comprising one to three nephridia each. "The internal 
opening present at base is provided with 2 relatively short spiral 
lobes." The dorsal blood vessel ends with the "heart" on the hind 
end of the pharynx and is therefore shorter than in typical Echiuridae. 
"The neuro-intestinal vessel arises from the ventral median point of 
the ring-sinus, which surrounds the extreme hind end of pharynx" 
{jSnd.j p. 52) . There is no interbasal muscle and no intestinal coeciun. 

Th4Jilasse7na gogoshimense Ikeda (1904, p. 66, pi. 1, fig. 19) is ap- 
parently congeneric with elegans. The excellent colored figure shows 
the same white longitudinal stripes as elegans, reflecting the muscular 
structure of body wall. Ikeda says : " It shows an essential agreement 
with Thalassema elegans. Indeed, the agreement may be said to be 
complete, the only difference being that all the visceral organs in the 
present species are developed on a smaller scale in proportion to the 
smaller size of its body." In the females, however, the nephridia 
are present in three pairs all situated behind the setae, while in the 
male they are in six to eight groups, arranged in pairs, each group 
with one to four nephridia, which are like those of elegans in structure. 

The above paragraphs were written and a name was assigned to 
the genus before I saw Bock's paper. They are retained since we 
independently arrived at the same conclusion. 

• Dceda, 1904, p. M; 1907, p. 47, pi. 1, fig. 4; pi. 4, figs. 48, 40; Sato, lOM, p. 866; Bock, 1942, p. 18. 



Digitized by LjOOQ IC 



ECHIUROID WORMS OP NORTH PACIFIC — ^PISHBR 225 

Genus ECHIURUS GuMn-M^neyille 

Echiurus OTTiRiN-M^NEYiLLE, 1831, p. 9, pi. 6, fig. 3 (ex Shipley, 1899, p. 342} 
(tjrpe, Lumbricus echiurus Pallas, 1766 = Echiurus paUasii Gu6rin-M6neville, 
1831).— Skobikov, 1909, p. 80.— Spbnobl, 1912b, p. 173. 

Echiuridae with two rings of posterior bristles, a well-developed 
proboscis, two or four nephridia (without spirally coiled lips), and a 
postpharyngeal diaphragm, which separates incompletely the small 
head coelom from the perivisceral cavity. 

BCmmUS BCHIUBUS ALASKANDS. new wbipedM 

Platb 20 

Echiwrus PaUasii C. B. Wilson, 1900, p. 174. 
EchiuTua echiwrus Spengbl, 1912b, p. 183. 

Diagnosia. — Differing from typical E. echiurus (Pallas) of the north 
Atlantic and ixeighboring Arctic Ocean in having the proboscis strongly 
attached to the body and in having the posterior setae definitely 
curved lather than nearly straight. Length of type, 230 mm. plus 
much contracted proboscis, 20 mm. 

Description. — ^Length of body upward of 230 mm., commonly 100 
nun., stout; proboscis adherent, fleshy, convex above, the edge in- 
curved ventraUy, subtruncate distally, usually 15 to 20 mm. long in 
contracted state. On ventral surface of the proboscis a differentiated 
thickening extends as a low ridge from the mouth for about one- 
fourth length o^ proboscis but sometimes considerably farther. The 
integument is roughened by rings of prominent verrucae most crowded 
at ends of body. In the middle region, where they are generally 
less crowded, rings of more prominent verrucae alternate with zones 
of three to five rings in which the verrucae are smaller or more widely 
spaced, or both. The appearance depends lai^ely upon the degree 
of contraction of the body muscles. 

The anterior setae are stout, strongly curved, and situated back of 
the base of proboscis a distance equal to about its greatest width. In 
each circle of anal bristles there may be variations of 6 to 8, as: 8-8 
(posterior ring); 8-7; 8-6; 7-7; 7-6. In some specimens where the 
number is less, inequality of spacing indicates loss of setae. These 
posterior setae vary in degree of curvature but are slightly more 
ciuv^ed than in typical E. echiurus. The anterior setae have a strong 
interbasal muscle connecting their inner ends. Occasionally a second 
seta, in process of formation, accompanies one of the primary. The 
principal posterior muscle from the setae attaches to body wall just 
behind the anterior nephridium. 

The inner circular layer of body muscle shows a division into closely 
placed fascicles at each end of body, where the animal is normally 
most contracted. 
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Nephridia 4, the anterior pair close behiDd the setae and a little 
farther from nerve cord. The funnel is conspicuous, with an undu- 
lating or frilled border, but is not prolonged into spiral lips. The 
nephridia of all specimens examined (taken in summer months) were 
contracted. In some cases they were very small, and the anterior 
pair very inconspicuous. 

Anal vesicles are simple, elongate, thin-walled sacs attached to 
ventrolateral wall of the cloaca and closely beset with minute ciliated 
funnels. 

Diaphragm (pi. 20, figs. 1, 4). The diaphragm is a curious, thin- 
walled, funnel-shaped septum incompletely separating the peripharyn- 
geal coelom from the general body cavity. Its general form is best 
appreciated from the figure in which it is shown in a semidiagrammatic 
fashion. The anterior, roughly circular edge is completely attached to 
the body wall, while ventrally it is attached to body wall on each side 
of the nerve cord (which here lies within the ventral mesentery of 
pharynx and esophagus). A large oblique posterodorsal opening of the 
diaphragm (with complete free edge) allows the esophagus (with its 
strong ventral mesentery) to pass backward into the general coelom, 
sometimes above and sometimes below the interbasal muscle. The 
rim of aperture apparently has a sphincter. The two halves of the 
double ventral mesentery of esophagus merge with diaphragm along 
its paraneiu*al part and a short distance above the nerve (pi. 20, fig. 5). 

Alimentary canal. The pharynx remains always in the peri- 
pharyngeal coelom . It is attached to the body wall by nimierous strong 
muscular strands having an annular arrangement. There is a con- 
tinuation forward of the double ventral and dorsal mesenteries sep- 
arated into frenula. The dorsal blood vessel lies in this mesenterial 
complex. The head cavity is therefore much occluded by tissue. 
The lining of pharynx is anteriorly thrown into coarse folds. 

The esophagus begins just behind the region of the radiating freniila 
of pharynx. It has, in the anterior portion, a dorsal mesentery of 
slender separate strands, but there is a double membranous ventral 
mesentery throughout its whole extent. This mesentery is anchored 
in the peripharyngeal chamber on each side of the nerve cord, where, a 
short distance above body wall, it mei^es with the diaphragm. By- 
means of its muscular mesenteries, all of the esophagus can be with- 
drawn into the head cavity. 

The esophagus, on passing thnyugh the right side of the diaphragm 
close to posterior border, becomes a long gizzard, marked by rings, 
which are prominent annular ridges of the lining. Beginning with the 
gizzard the alimentary canal is moored only by dorsal mesc^nterial 
ribbons as far as the cloaca, which has radiating muscular frenula. 
Along the dorsal side of the gizzard held by a perforated mesentery 



Digitized by LjOOQ IC 



ECHIUROID WORMS OP NORTH PACIFIC — ^FISHER 227 

is the yoluminous dorsal blood vessel with niunerous papilliform 
branches, at least anteriorly. 

A very short rudimentary stomach or crop lies between the gizzard 
and beginning of intestine (indicated by the ventral ciliated groove). 
The lining of stomach is thrown into 12 strong longitudinal folds, 
contrasting sharply with the anntdar folds of gizzard. Wh^e the 
stomach becomes intestine, the dorsal blood vessel spUts to form the 
ring vessel. 

The intestine has the usual three parts: presiphonal, siphonal, and 
postsiphonal. The first is about as long as the gizzard, or a little 
longer if relaxed. 

The siphonal part, roughly 20 to 25 times length of presiphonal part, 
is marked by lor^tudinal folds of the lining which are evident super- 
ficially. The siphon is about one-fourth the diameter of the intestines. 

The postsiphonal intestine has thinner walls and is about 10 times 
the length of presiphonal segment. The ciliated groove forms a 
ridge along its ventral side, and ends at a coecmn (not always inflated) 
just in front of the cloaca. The fecal pellets which fill this part of the 
intestine are elongate ellipsoids and sometimes contain coarse material. 
I have foimd leaves of the hemlock {Tsuga), 

Vascular system. This consists of a dorsal and ventral blood 
vessel and neurointestinal connective. These vary in caliber in dif- 
ferent specimens. The dorsal vessel is likely to be considerably in- 
flated over part or the entire length of gizzard, with irregular lobose 
sweUings anteriorly. The ventral vessel, attached to middorsal line 
of nerve cord, ends posteriorly as a solid cord just in front of the in- 
testinal coecum. The neurointestinal connective results from the 
branching of the dorsal vessel at the beginning of intestine by which 
the neurointestinal ring (f ) is formed. The connective branches 
again (£*), to form the muscle ring, before merging broadly with 
the ventral vessel (JB*). 

Type—V.S.NM. No. 20609. 

Type locality. — ^Auk Bay, Juneau, Alaska, collected by E. F. Rick- 
etts, August 14, 1931. 

Specimens examined. — One hundred and twenty-four as follows: 

CoLLEcnox OF Stanford Uniyebsitt 

Kukak Bay, Shelikof Strait, Alaska, 12 specimens, under rocks, in mud; McMillan, 

1924. 
Wrangell, Alaska, 37 specimens; A. W. Greely and R. E. Snodgrass, 1897. 
Auk Bay, near Juneau, Alaska, 3 specimens, slate beach, under rocks, in muddy 

sand, lowest intertidal zone, July 17, 1931; £. F. Ricketts (also type from 

this locality, August 14, 1931). 
Huston Inlet, Queen Charlotte Islands, British Columbia, 42 specimens; W. F. 

Thompson, July 1, 1913. 
Alaska, possibly Dutch Harbor, Un&laska, 5 specimens. 
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CoLLEcnox OF U. S. National Mubbum 

Cape Smyth, Alaska, 3 fathoms, No. 850, Point Barrow Expedition; 2 specimens 

in very bad condition, without proboscis; possibly these are intermediate with 

true echiurus. 
Off Cape Strogonof, Alaska, Albaiross station 3291, lat. b^'^bS'ZO" N., long. 

159^11' W., 26 fathoms, black sand, gravel, 1 specimen from stomach of ood, 

in poor condition. 
Bristol Bay, Alaska, No. 4597, 2 specimens, one lacking proboscis. 
Unalaska, Alaska, No. 16314, 2 specimens. 
Bering Island, Nos. 4151, 16315, 2 specimens, typical. 
Alitak Bay (head of Lazy Bay), Kodiak Island, gravelly sand, January 22, 1941, 

5 specimens. 
Stepovak Bay, Alaska, 15-90 fathoms, October 24, 1940, 1 specimen. 
Dolgoi Harbor, Alaska, October 6, 1940, 1 specimen. 
Wrangell, Alaska, No. 4538, August 28, 1882, under stones, 2 specimens. 
Chasina Bay, Alaska, No. 4601, 1 specimen. 
Saginaw Bay, Alaska, No. 4117, 1 specimen. 
Without stated locality (probably Unalaska), 5 specimens. 

Remarks. — ^The type specimen was taken from its burrow, a tube 
in sandy clay beach, 24 inches below the surface, along with a com- 
mensal polynoid annelid, Hesperono^ adventor (determined by Dr. 
Olga Hartman). The same species is commensal with Urechis 
caupo. 

This, the common Alaskan Echiurus, differs from the typical form 
of Europe and the north Atlantic coast of America in having the 
proboscis firmly attached to the body. All writers who have handled 
living Echiurus echiurus emphasize its habit of dropping the proboscis 
on the slightest provocation.^ Most of the 120 specimens of cUaskanus 
were not handled with care but were simply dropped into alcohol; 106 
of these specimens still have the proboscis firmly attached, while at 
least 5 lost the proboscis subsequent to fixing, apparently from rough 
handling. 

Under ordinary circumstances I should have given Brandt's name 
sitkaeTms to this form, assuming that Mortens would naturally have 
picked up at Sitka the common Alaskan species. J. W. Spengel 
(1912b), however, succeeded in obtaining one of Mertens's two spec- 
imens, upon which Brandt based his description, and foimd that it 
differed fundamentally from Echiurus echiurus in having only two 
nephridia, as well as in certain other respects. The name sUkaensis 
is therefore definitely associated with a type specimen which has been 
redescribed by one of the best zoologists of his time. 

The ecology of Echiurus echiurus has been studied by Dr. Torsten 
Qisl6n (1940) chiefly at Kristineberg, Sweden. His very compre- 



• Torsten OisUn says: "As stated before the proboscis is very easUy thrown ofl. In ftict probably ocdy 
very few men have seen a proboscis in connection with an Echlonu. Forbes and Goodsir say that ft Is so 
slifl^tly affixed to the body as to break off at the least touch; in only one or two cases did they find it attached, 
and then it broke away immediately on the removal of the animaL Only in some eacoeptloiial I 
have I been able to secure specimens with the proboscis retained." (Oislto, 1040, p. 10.) 
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hensive memoir is in the forefront of exceUence and will long serve as 
a model for tliis type of work. 

BCHimUS STTKAENSIS (Bnutdl) 

Thdlassema (Eckiurtui) aitkaensis Brandt, 1835, p. 62. 
Echiuru8 sitkaenns Spenqel, 1912b, pp. 184-189. 

Diagnosis. — Corpus circiter tripollicare oblongum, e subbrmmeo 
olivaceum, obscurius punctatmn et transversim striatmn. Proboscis 
latiusctda, camea, transversim purpureo striata, apice emarginata. 
Unguiculi anterioris corporis partis et spiculae posterioris lutea. 
(Brandt.) 

Differing from E. echiurus in having two nephridia, in lacking a 
differentiated ridge of tissue along ventral side of proboscis, and in 
having skin papillae subequal rather than in rings of larger papillae 
alternating with narrow zones of smaller. 

Remarks. — This species constitutes one of the major mysteries in 
the systematics of the Echiuroidea. Mertens collected two specimens 
at Sitka, both of which he dissected. One of these specimens, his 
notes on the dissections, and a life sketch in color reached the St. 
Petersburg Museum and were used by Brandt. Subsequently all 
these became available to Spengel, as he details in his Echiurus paper 
(1912b). 

Spengel made a thorough examination of what remained of the 
internal anatomy and was able to satisfy himself that only two nephrid- 
ia were present, in the location of the anterior nephridia of E, echiurus. 
The proboscis was very adherent to the body, and it lacked the ridge 
of tissue on its concave under surface. As less important differences 
he lists: skin papillae subequal, in rather regular and very nmnerous 
rings (not rings of lai^er papillae alternating with zones of smaller) ; 
curvature of anal setae stronger than in echiurus; color, according to 
Mertens's drawing, brownish olive spotted and cross-striped with 
darker, the proboscis flesh color with purple transverse stripes. 

The tough, nondeciduous proboscis is characteristic of the Alaskan 
Echiurus I have examined, but all these have the ventral ridge 
present, leaving as the principal characters of sitkaensis the two ne- 
phridia, absence of proboscis ridge, and the subequal papillae. 

Wilson (1900, p. 174) states that he examined Alaskan specimens 
of E. echiurus {^akbskanus) collected by Dr. W. R. Coe in 1899. 
"This species was found abundantly at many different localities 
along the Alaskan coast south of the Peninsula and on adjacent 
islaods, nearly always in rich black mud." I have listed 120 speci- 
mens from Alaska and British Columbia. None of these is sitkaensis. 

If there is a species sitkaensis it may normally live below low tide 
and only occasionally be carried shoreward during heavy storms. 
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c*. Three nephridia, an unpaired between a pair; ovary along nerve cord; 
anal vesicles: a fascicle of tubules at end of a collecting tube. 

Archibonellia Fischer » 
6*. No setae present, 
c^ Nephrostome situated at end of a short lateral tube near blind distal end 

of nephridium Parabonellia Onoda 

c^. Distal end of nephridium expanded into plicated rim of large nephro- 
stome Xubonellia, new genus (p. 255) 

a*. Proboscis when present similar to that of ThdUusema and not bifid at extremity. 
h^. No sharply marked groove between nephridiopore and mouth, 
c^. Female with 2 well-developed ventral setae; anal vesicles 2, elongate, 
dendritic; nephrostome near base of the single nephridium; male un- 
known Protobonellia Ikeda 

c*. Female with 2 ventral setae; nephridia 2, large, with basal 2-lipped 
nephrostome; anal glands wide sacs provided with a very large number 
of slender excretory tubules with apical funnel; male unknown. 

Maxmiilleria Bock 

^. No ventral setae in female. 

d^ Proboscis deciduous, ThaUusemorUke; 2 external papillae marking 

nephridiopores; nephridia 2 or 1 with basal nephrostome; anal 

vesicles in 2 thick clusters of tubules opening into a common duct; 

male with ventral hooks HaznJngia Danielssen and Eoren 

c^. In place of proboscis a short truncate snout; a proboscis possibly normally 
present; 1 nephridium with basal nephrostome; duct of nephridium 
passing under nerve cord and opening in median line into a funnel- 
shaped depression of skin; anal vesicles; numerous dendritic masses 
arising from a basal bladder on each side of large muscular cloaca; 
terminal portion of hind-gut, in front of cloaca, greatly enlarged; male 

unknown Nellobia, new genus (p. 257) 

6*. A narrow, or expanded, slit extending forward from nephridiopore, in 2 
species containing 8-10 tiny, integumentary spines; anal vesicles not in 
form of 2 dendritic structures or 2 dusters of tubules, but in form of 
independent branched tubes or an asymmetrical cluster; 1 or 2 nephridia 
with nephrostome near base; males with or without hooks. 

Acanthohamingia Ikeda (p. 260) 

i« Wllhelin Fischer, 1010, p. 283, figs. 6, 6; 1026b, p. 207, pi. 2, figs. 1-7, text figs. 1, 2. Arthlbetuma rnkkad- 
foni.^tbe type, from a oonl reef, Rottnest Island, Fremantle, Aostralia, is only 12 mm. long; it has a laige 
median between and above two small nephridia (no nephrostomes were foand). The proboscis has two 
termhial lappets Instead of divisions, and the alimentary canal is short, scarcely over twice length of body. 
A. mJUbergi (1026b, p. 206, fig. 1. northwest coast of Australia), however, has a very small unpaired nephridium 
(with basal nephrostome) between a pair of very large "uteri" filled with eggs and with terminal nephro- 
stome. The alimentary canal is of normal length for a bonelliid, and the probosds is normally cMt at the 
tip. Fischer, in a quandry what to do with this species, places it in P<eiu(o6one{Ua on the basis of the large 
paired nephridia, with terminal nephrostomes, and the normal alimentary canal and piobosds. Bveo tboogh 
the androedum of PBwdoboiUaia may well have originated in an unpaired nephridium, the fad reoialDS 
that in PseudoboneUia the androedum is highly specialized and is no longer a nephridium, while the ovary b 
not found along the nerve cord, as in ArehibonettiOf and the tubes of the anal vesides open sepacatdy into tlia 
cloaea, not into a common duct. The two spedesof ^reA<6oM0ia may not be oongenerie, but the aberrant 
spedes is certainly widdy different tmm PteudoltoneUia, 

Figure 15. — BotuUia viridis: Dissection (X 5) of anterior part of specimen from Naples 
to show particularly the position of nephrostome, CF, at base of nephridium, N, which wis 
55 mm. long while the animal was only 45 mm. Note the long segment of gut between 
gizzard, G, and beginning of siphon, Sil, The anterior end of gonad. Go, it shown. {B \ 
j9 *, B*f dorsal, neurointestinal, and ventral blood vessels; C, stomach; G, gizzard; NC, 
nerve cord; 0, esophagus; P, pharynx.) 
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Figure U. — (See opposite page for legend). 
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BONELLIOPSIS, new genus 



Diagnosis. — Differing from BcmeUia in having the nephrostome at 
the distal end of the nephridinm instead of near the base, and in the 
possession of a much shorter presiphonal foregut; either left or right 
nephridimn developed; females with two ventral setae; males without 
setae. 

Type, Banelliopsis cUaskanaf new species. 

BONELUOPflOS ALASKANA. new ipecte 

Figure 16; Platbs 26, 27 

Description. — Body elongate, subcylindrical, blimt at both ends, 
20 to 65 mm. long, and commonly four or five times as long as thick; 
proboscis of usual BonsUia form seldom exceeding body length and 
usually considerably shorter. Contracted skin verrucose, the verru- 
cae squarish, not obviously larger in any particular region; when skin 
is stretched the verrucae flatten out into squarish glandular thicken- 
ings arranged in irregular longiseried. 




Figure 16. — Bonelliopns alaskana, new species: Two males, the upper 1.27 mm., the lower 
1.9 mm. long, X 50. The spermatheca is most heavily shaded; the lightly stippled it 
parenchymatous and muscle tissue; sperm duct opens at anterior (right) end. 

Body wall thin, translucent. Inner, circular layer of muscles 
smooth, but in the region of foregut where the layer is thickest there 
is a division into slender fascicles. 

Setae 2, small, nearly straight, situated close together a short dis- 
tance behind mouth (4 mm. in specimen 44 mm. long). There is a 
short but broad interbasal muscle which usually presses upon the 
nerve cord and ventral blood vessel. 

Nephridimn 1; of six specimens dissected four had the left ne- 
phridimn developed and two had the right. It is situated dose to the 
nerve cord directly behind the setae. In some specimens the nephri- 
diopore is conspicuous externally. The nephrostome is conspicuous, 
terminal, with amply folded lips. When the nephridium is filled 
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i^th eggs its distal end is usually invaginated, concealing the nephro- 
stome (pL 27, fig. 1). The mucosa is thrown into shallow longitudinal 
folds, most pronounced at proximal end. 

The two anal vesicles have the relative size and general form in- 
dicated in plate 26, figure 1, where only one is shown. Each opens 
by a small pore into the cloaca. The primary branches of the vesicle 
vary in number. In plate 26, figure 2, is shown the tip of one of the 
major subdivisions including two of the smaller secondary branches, 
each of which bears several funnels. 

Alimentary canal. As contrasted with BoneUia viridis the ali- 
mentary canal differs in having a much shorter foregut, especially the 
portion between the gizzard and the intestine, corresponding in general 
to the "stomach" of ThalasBema and allies. The abruptly enlai^ed 
intestine is produced forward into a coecum where the dorsal blood 
vessel envelops the intestinal wall. In the specimen of B. viridis that 
I dissected this was not differentiated (fig. 15). 

The pharynx is connected with the body wall by numerous radiating 
muscular freniila of which only a few are indicated in the figiures. 
The mucosa is thick, verrucose, and not very different from that of 
the esophagus. The gizzard has stronger ring muscles than the 
esophagus (which shows a ringed structure), and the mucosa is 
thrown into consecutive ring folds. When spread out these ring 
folds subdivide into eight longitudinal divisions. Behind the gizzard 
the mucosa becomes abruptly thinner, and between the gizzard and 
this elongated stomach there is a sort of pyloric constriction, with a 
very narrow passage. The opening, on the stomach side, is surrounded 
by a flange of tissue. There is no presiphonal ciliated groove, but a 
postsiphonal one runs along the intestine to the point where the 
ventral blood vessel and genital stolon join the hind-gut. The 
fecal pellets are slender blunt ellipsoids 2.5 mm. long. In one I found 
an ostracod and a small Balanus. 

Mesenteries. The mesenteries are continuous, very thin sheets, 
even in the postsiphonal region of the intestine. In plate 27, figure 2, 
an attempt has been made to show the principal mesenteries of the 
for^ut, which are voluminous and folded when the animal is contracted 
In this semidiagrammatic drawing the left half of the animal only is 
shown. What is probably the ventral mesentery (VM) is attached 
to body wall over a sinuous and not so smoothly regular course as 
shown in figure. It is fastened to the left side of pharynx-esophagus, 
passing gradually to the side of the intestine opposite the siphon. 
The posterior part of dorsal blood vessel (jB*) is attached to, or in- 
volved in, this mesentery. The dorsal mesentery (DM) is attached 
to the body wall in a long spiral passing from right side (dot and dash 
line) over to left side. Posteriorly it merges with the ventral mesen- 
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teiy on its left mde, where the foreg:ut entors the intestine. In the 
drawing the posterior face of dorsal mesentery is shown and only a 
small part of the anterior (or dorsal) side adjacent to pharynx. The 
attachment to the gut is along the lateral line, but behind gizzard the 
attachment moves over near to that of ventral mesentery. A special 
musciilar mesentery indicated in plate 27, figure 1, but omitted from 
figure 2, joins the gizzard to the stomach. A special transverse dorsal 
muscular mesentery supports the dorsal blood vessel anteriorly. 
When the animal is extended the effect of these mesenteries is to form 
a somewhat spiral anterior cul-de-sac in which the nephridium lies 
and in which the eggs probably congregate. But when the nephridium 
is full of eggs, as in plate 27, figure 1, there may still be hundreds of 
eggs, seemingly mature, in various parts of the coelom. 

Vascular system. The distribution of the principal trunks, 
shown in the figures, seems to be almost the same as in Bandlia 
viridis (fig. 15). The connection between the dorsal and ventral 
vessels is not direct, as in Echiurus, Ochetostoma, and Hudassema^ 
but by means of lacunae in the intestinal wall, as is the case in 
ArhynekiU, 

The gonad lying along the top of the ventral blood vessel, in the 
posterior half of body, seems to be identical with that of B, viridis. 

Male. The males are found in the foregut, from the pharynx to 
the gizzard, in the order of about a dozen to an individual. In one 
case I found two or three in the anterior part of the stomadi. Dr. H. 
Heath, who collected the type series, examined several live specimens 
and found no males in the nephridium. 

The males vary from elongate-slender to the shortened state shown 
in figure 16. When fully extended they are more than twice as long 
as figure and only about half as thick. The sperm receptacle is 
situated posterior to middle of body and the duct opens at anterior 
end, or very dose to it. There is very Uttle free coelom, the body 
being filled with parenchymatous and muscle tissue, diagrammatically 
indicated by the more spaced dots in figure. No setae are present. 

ryi>e.— U.S.N.M. No. 20603. 

Type locality. — Dutch Harbor, Unalaska, under rocks, at low- 
tide; Harold Heath, August 1917, 15 specimens. 

Specimens examined. — ^In addition to the above, 25 specimens, 
without locality, U. S. National Museum. 

Remarks. — ^The type series was collected by Dr. Harold Heath, 
who found them in the intertidal zone under flat rocks. The worms 
were arranged around the periphery of the stone with the proboscis 
extended to the margin. In life the gi,7iiniAlft are light green, the 
color of "green prunes," which, in the contracted state, they some- 
what resemble. 
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EUBONELLLl, new geaiig 

Diagnosis, — ^Bonelliidae with weU-developed bifurcate proboscis, 
no setae, and a single (right) nephridium, the distal end of which is 
expanded into the plicated rim of the large nephrostome; anal vesicles 
essentially as in Bonellia; male with sperm receptacle reaching nearly 
to posterior end of body; body wall thick. 

Type, Eubonellia txUida, new species. 

Remarks. — ^This genus differs from BoneUiopsiSy the only other 
known to have a strictly terminal nephrostome, in lacking setae. 
Its foregut has an unusually extensive stomach or crop, between the 
gizzard and beginning of siphon, this segment being short in Bonellia 
apsis. The mesenteries of the intestine of Eubonellia are in the form 
of strands, not a sheet. 

ParahoneUia Onoda, ^^ based on Bonellia misakiensis Ikeda,^* also 
lacks setae in both male and female. The nephridium has a small 
pedunculate fimnel situated, not at the base as in Bonellia, but on the 
side of the vesicle near the terminal blind end. Ikeda did not show 
this in his figure of a "dissection" of the type, but it is figured by 
Onoda (fig. 1) and Sato " (fig. 2). None of these writers has figured or 
described significant details of the foregut, which are of importance in 
dassification. 

The body wall of ParaboneUia is thin while that of EvioneUia is 
veiy muscular, but this is a character varying with the contraction of 
the specimen and is scarcely of generic significance. 

In Eubonellia the male is about half the size of the male of Para- 
honeUia, which is described as nematodelike, 3.3 to 3.5 nmi. long, and 
0.2 to 0.3 mm. in breadth. The sperm vesicle and canal occupy the 
anterior fifth to third of the body. In Eubonellia the vesicle extends 
nearly to the posterior end of the body, which is depressed, planarian- 
like. 

ProtoboneUia Ikeda " (type, P. mitsvkurii, Sagami Bay, Japan, 300 
fathoms) has very strong setae with unusually well developed muscles. 
The proboscis is similar to that of TTuiUissema, and the single (left) 
nephridium is similar to that of Bonellia. The nephrostome is a wide 
fimbriated fimnel at the end of a slender tube opening iato the nephrid- 
ium near the base of that organ. The anal vesicles are similar to 
those of BovMia rather than Hamingiay which the proboscis might 
lead one to expect. The vascular system seems to possess a peculiarity 
in a rather direct connection between the dorsal vessel and the nenro- 
intestinal connective at a point immediately anterior to the be* 
ginning of the siphon. Ikeda treats this very summarily in both 

li Onoda 1984, p. 418 (Pteudobonema); 1936, p. 141 iPttrabeneUla for PHudobcnOOa, preoooapied). 
M Ikeda, 1904, p. 74, figs. 34, 103-105. 
» Sato. 1985, p. 142, figs. 1, 2. 
M nceda, 1906a, p. 250, figs. 1-4. 
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description and figure, apparently not realizing that it is diff^i'eiit 
from the relations of the two vessels in Bonellia. Neither his figure 
nor description gives any definite details concerning the foreg^ut 
beyond the fact that it is veiy long. 

EUBONELUA VAUDA. mw ipeclM 

Plate 28 

Description. — The much-contracted type is oblong-cylindrical, 55 
mm. long, and about 20 mm. thick at middle. The conspicuous 
nephridiopore is 8 mm. behind mouth. Proboscis imusually broad 
and flat, terminally bifiu-cate, without a ventral sulcus. In its con- 
tracted state it is 30 mm. long and 7-9 mm. broad (pi. 28, fig. 3). 
The thick skin is thrown into annular welts, the furrows being fre- 
quently interrupted. These folds do not carry marked pustulate 
Uiickenings as in the case of Nellobia found at the same station. 
From the mouth a short narrow sulcus extends upon the constricted 
base of proboscis. 

Body wall tough and muscular, 1.5 to 2.5 mm. thick, the middle 
longitudinal layer being the thickest. The inner, circular layer is 
smooth, but somewhat fasciculated at anterior end of body. 

No setae or vestiges of seta sacs or muscles. 

The single large (right) nephridium has a terminal large nephrostome 
with voluminous lips. At the base a simple duct leads to the exterior 
approximately in the median line. 

The two anal vesicles are of the elongate dendritic type with a 
voluminous axial bladder having a few branches proximally. To the 
main stem and branches are attached singly or in clusters (pi. 28, 
fig. 2) the nephritic elements, which are characteristically very elongate, 
ending in pedunculate funnels. The vesicles are attached to each side 
of a very small cloacal bulb, the mucosa of which is thrown into longi- 
tudinal ridges. 

Alimentabt canal. The anterior part of pharynx is attached to 
body wall by nimaerous frenula, but there is no peripharyngeal dia- 
phragm such as is characteristic of Nellobia. There is a rather delicate 
mesentery at the bend of the esophagus (not shown in %ure). Food 
pellets form in the posterior part of esophagus (0^), as well as in the 
gizzard (O), and are collected in the elongate stomach. The wall of 
the stomach is almost transparent. Between it and the gizzard there 
is a powerful sphincter forming a sort of pylorus as in Bonelliopsia. 
There is a weaker sphincter between the esophagus and gizzard. 

There is no presiphonal ciliated groove. Much of the intestine is 
missing, but enough remains to show that there is an extensive por- 
tion, traversed by the siphon, which has thicker walls so that the 
pellets are not visible, whereas the postsiphonal intestine (with a 
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ciliated groove) has very thin walls and very compact pellets (pi. 28, 
fig. 4). The ciliated groove ends at entrance to small doacal bulb and 
a strand of tissue from the ventral blood vessel is attached at this 
point. 

The vascular system is of the usual bonelliid type and can be fol- 
lowed in the figure. The ventral vessel divides into two at about the 
IK>int where setae would be if present. 

The gonad, in the usual bonelliid position, is confined to the median 
third of the body and is inactive, there being no sign of egg formation. 
In NeUobia, dredged at the same time, the gonads were active and the 
nephridiimi full of eggs. 

Male (pi. 28, fig. 5). One was fotmd in the pharynx near mouth. 
It is possibly not fxilly matured; length 1.17 mm. The dark body is 
the spenn vesicle, the duct opening at the anterior end as in BoneUia 
viridis. The small spot back of the gonad is probably the excretory 
pore. Small indistinct masses of spermatozoa can be seen in the 
coelom, but have not been shown in the drawing. The gonad is situ- 
ated more posteriorly than in BoneUia viridis. 

Type.—U.S.NM. No. 20604. 

Type locality, — Albatross station 5021, Okhotsk Sea, oflP east coast 
of Sakhalin Island, lat. 48° 32' 30" N., long. 145° 08' 45" E., 73 
fathoms, green mud, sand, pebbles, bottom temperature 30.9° F. 

NELLOBIA, !• new genus 

Diagnosis. — ^Bonelliidae without setae and possibly without probos- 
cis; one nephridium Ueft), with a basal nephrostome and swollen 
basal region, opening in the median line but without a genital groove ; 
two compound anal vesicles each consisting of numerous trees aris- 
ing from a sessile receptacle on either side of the very large muscular 
cloaca; terminal portion of hind-gut greatly enlarged; body wall very 
thick. 

Type, NeUobia eusoma, new species. 

Remarks. — This genus differs from BoneUia, ProtoboneUiay Para- 
boneUia, EuboneUia, and BoneUiopsis in the radically different struc- 
ture of the aral vesicles and from all bonelliids in the extremely large 
muscidar cloaca and enlarged terminal part of the hind-gut. The 
only group which has fundamentally similar anal vesicles is Acan- 
thohamin^ia Iked a ^ in which three trees arise independently on each 
side of the cloaca (A. ijimai) or more numerously as a cluster with 
probably some connection between the elements {A. shiplei). In 
Hamingia arctica Danielssen and Koren ^^ there is a very short (1 mm.) 



1* Anagram of BoneOia. 

» Ikeda, 1010, p. 136, pi. 10; see also 1006, p. 61, pi. 1. 

n Danielssen and Koren, 1881, p. 20, pi. 4 and 6, figs. 1-18. 
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tube CD each side of the cloaca to which very numerous small trees 
are attached at approximately the same point. 

The vascular system of Nellobia is similar to that of Banellia and 
allies in the relation between the dorsal blood vessel and the neuro- 
intestinal trunk. No direct connection exists between the two by 
obvious anastomosis of terminal branches such as Danielssen and 
Koren figure (1881, pi. 5, fig. 14). 



NELLOBIA EU80MA, new i 

Plates 29, 30 

Description, — The single specimen is contracted to the maximum 
extent. The posterior end of the body is invaginated to form a cup- 
shaped depression . The intestine had been extruded, after the manner 
of holothurians, through a breach in the cloacal wall, and most of it 
is missing. 

Body of Boneliia form without proboscis, 44 mm. long (allowing for 
posterior invagination), and 15-17 nun. thick at middle. Owing to 
contraction, the skin is thrown into irregular transverse folds with 
frequent pustulate thickenings, less regular in the anterior ventral 
region (shown in pi. 29, fig. 1) than elsewhere. If the very short 
truncate snout is the remains of a longer proboscis, it is nevertheless 
covered with normal skin. The conspicuous opening of the nephrid- 
ium is close to the median line about 4 mm. behind mouth. 

The body wall is very muscular and in the contracted state about 
2 mm. thick. The middle longitudinal layer is the thickest, the 
inner circular layer the thinnest. The latter in the contracted state 
of the specimen shows definite fascicles of uneven width which would 
probably smooth out when the worm is expanded. 

The single nephridium (pi. 30) is attached on the left of the nerve 
cord, but its duct passes imder the cord to open in the median line. 
The nephrostome has very simple lips and passes into a bulbous and 
thick-walled proximal region. The distal compartment, filled with 
eggs, has the wall stretched to translucent thinness but its proximal 
constricted part has glandular walls furrowed longitudinally. There 
is a definite opening from the egg chamber into the proximal bulbous 
portion. 

The anal vesicles are peciiliar. Instead of having a roughly treelike 
form as in Boneliia and BoneUiopsiSj the main vesicle is a sort of 
crescent-shaped pouch applied to each side of the large cloacal cavity 
and produced on the opposite or free border into numerous (a dozen 
or more) unequal dendritic subdivisions. The larger of these have a 
few main branches like a tree, which in tiun are crowded with branch- 
lets (pi. 29, fig. 4) carrying many of the bulbous glandiilar elements 
ending each in a ciliated funnel. Aroimd the base of these primary 
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nephridia are numerous subglobular unequal yellow bodies arising 
from the base of the nephritic elements and from the wall of the collect- 
ing tube or branchlet. Numerous much smaller brownish-yellow 
papillae occur on the walls of the main stems and branches. I 
could not find the opening into cloaca. 

Alimentary canal. The main features of the foregut are shown 
on plate 30. The pharynx is attached to body wall by very numerous 
crowded radiating strands. This head cavity is separated from the 
rest of coelom by a translucent diaphragm (D) indicated in the drawing 
incompletely. Its central border encircles the gut behind the pharynx, 
and what may be conventionally called the esophagus (extending to 
X in drawing) has the muscular walls marked by prominent ring 
folds which cause the mucosa to be thrown into transverse welts. 
This muscle layer thins toward end of esophagus and the ring 
becomes narrower. The segment X-Y corresponds to the gizzard of 
BoneUiopsis. The annulation of muscle is closer. At Y the canal 
was broken, and it is possible that something was lost as the segment 
between Y and the beginning of siphon is very short. It corresponds 
to the so-called stomach of BoneUiopsis. A tough mesentery imites 
loops of the esophagus, whereas in BoneUxopBis the thicker mesentery 
joins the gizzard to stomach. The esophagus has a continuous ventral 
mesentery attached ventrodextrally but the other mesenteric attach- 
ments to body wall are in strands or frenula. 

The cloaca is bidbous, with very numerous muscular strands imiting 
its rather muscular wall with body wall. The anterior of these strands 
pass between the branches of the anal vesicles. The very expanded 
hind-gut seems to be more than an accident of killing, as the condition 
of the mucosa indicates that the walls have not been unnaturally 
distended. The prominent ciliated groove continues from the narrow 
segment (all the rest of the intestine having been lost) to the beginning 
of the cloaca, where a strand from the ventral blood vessel ends. 
There is no intestinal coecum at this point. 

The vascular system is of the Baneliia type. The neurointestinal 
connective (B^) spreads out fanwise where it joins the ventral vessel 
(B*) and its walls appear to be glandular as if a part of the gonad 
complex. Actual ova are found as far forward as the posterior border 
of this fan. 

The gonad is of the Bonellia type but extends unusually far forward. 

Male. Unknown. The foregut was quite empty, and no males 
were found in the nephridiopore. 

Type.—U.S.NM. No. 20605. 

Type locality. — AUbatrass station 5021, Okhotsk Sea, off east coast 
of Sakhalin Island, lat. 48^ 32' 30" N., long. 145° 08' 46" E., 73 
fathoms, green mud, sand, pebbles, bottom temperature 30.9° F. 
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Genus ACANTHOHAMINGU Deeds, emended 

AcarUhohamingia Ikbda, 1910, p. 136. (Type, A. shipUi Ikeda.) 

Diagno9i8. — Differing from Hamingia in having a well-marked 
genital slit extending forward toward mouth from the one or two 
nephridiopores, this containing, in two species, 8 or 10 very small 
setae imbedded in the skin; anal vesicles numerous, at least not in 
two symmetrical clumps which arise from a very short common duct; 
body wall thin; proboscis (when known) similar to that of Thalassema; 
males with or without ventral setae. 

Remarks. — The new species described below has necessitated an 
emendation of the original diagnosis since there are no minute setao 
in the genital groove. This groove, which extends forward from the 
nephridiopore, or pores, occurs in the three known species ^ and is not 
present in any other genus. The general habit of the three species is 
much the same, as they are all of delicate build. The body wall is 
thin, translucent when expanded, and skin papUlae are poorly devel- 
oped. The anal trees exhibit differences in the three species, being 
most alike in A, ijimai and A. paradola. These are numerous, inde- 
pendent, or semi-independent branched tubules, and differ from the 
condition in any other genus except Nellobia. But in NeUoMa etisama, 
which lacks any trace of a genital groove and is one of the most heavily 
built of all bonelliids, the anal trees spring from a bladderlike struc- 
ture applied to each side of the very muscular cloaca. The rudi- 
mentary bladder %ured for A. paradola (left side) may well indicate 
the last trace of a similar structure. 

In A, shiplei and A. ijimai the male is long and slender and lacks 
setae, whereas in A. paradola the male is lanceolate and planarian- 
like and is provided with two curved setae. 

ACANTHOHAMINGIA PARADOLA. new ipeclM 

Plates 31, 32 

Diagnoris. — ^Differing from A. shiplei and A, ijimai in the absence 
of minute setae from the genital groove of female and in the presence 
of a pair of ventral curved setae in the male; nephridia 2 instead of 1 ; 
anal trees numerous, slender, sparsely branched, arising for the most 
part independently from the very thin wall of the cloaca. Length of 
paratype 90 mm. (pi. 31, fig. 1). Color, pale flesh when seen on a 
white background. 

Description. — The general habit is much like that of A. ijimai but 
proboscis is lacking. The body wall is very thin and translucent, 
this thinness being accentuated by inflation. Along the midventral 
line the extremely slender nerve cord can be easily seen. The akin 



M A. rtipM Ikeda 1910, p. 136, pi. 10; Hamingia iftmai Ikeda, 1906b, p. 62, pi. 1. 
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is marked by flat circular spaced spots slightlj less translucent than 
the mtenrals. Back of the mouth is the characteristic genital groove, 
which nonnaUy is probably very narrow as in the type (pi. 31, fig. 3) 
but in the paratype (pi. 31, figs. 2, 2a) is spread apart owing to 
stretching of body waU. In this groove are four males. In the type 
there is at least one. At the posterior end of groove are the openings 
of the nephridia: two in the type and another specimen (pi. 31, figs. 
4, 4a); one in the paratype 6>1- 31, figs. 1, 2). The hemispherical 
papilla shown in these figures beside the nephridiopore is an artifact. 
Although there is but one opening there are two large nephridia 
containing eggs. 

As slated above, the body wall is veiy thin, on the order of 0.15 to 
0.2 mm. thick, and a single thickness is so transparent that printing 
can be easily read through it. The fibers of the longitudinal and 
circular muscles can be seen under magnification, but there are no 
bundles. 

All three specimens are in poor condition internally as the midgut 
and hind-gut are badly macerated, the contained pellets being adrift 
in the coelom. The more essential foregut can be made out with the 
associated blood vessels. 

The nephridia, in good condition, number two in all three speci- 
mens. They have exceedingly thin walls, and the small nephrostome 
and its short stalk are situated at the base, dose to the swollen ducts 
leading to nephridiopores. In the paratype the nephridia are about 
twice as large as those shown on plate 32. 

The significant features of the alimentary canal can be seen on 
plate 32. The phaiynx is much inflated (but probably unnaturally) 
and has very thin walls. The esophagus can be traced to 0^ where 
the fine longitudinal ridges of the mucosa change to equally small 
rings. Then follows an exceptionally long segment of the foregut 
in which I can find no marked division into gizzard and stomach (or 
''crop")* In this the contents are shaped into oblong pellets 1.5 to 
2 mm. long. Extremely slender and numerous frenula connect the 
pharynx to body wall. The continuous ventral mesentery of foregut 
is delicate and transparent. The position of the coils of foregut in 
figure has no significance as they had mostly broken moorings. All 
the foregut is thin-walled. 

In connection with the vascular system the very considerable 
length of gut between attachment of dorsal vessel (B^) and neuroin- 
testinal connective (£•) may be noted. The ventral expansion of 
B^ is considerably farther back in another specimen. In keeping with 
the rest of the animal the blood vessels are delicate and the ventral 
trunk is very inconspicuous. There are numerous opaque nodules 
on the neurointestinal trunk. 
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The nerve cord is the slenderest I have seen in a mature ecbiuroidy 
being only 0.135 mm. in diameter. 

The gonad, on the irregular margin of a mesentery dorsal to nerve 
cordi is invisible except under high magnification, as the cells are 
small and inactive. The whitish eggs in the nephridia are 0.5 to 
0.6 mm. in diameter. 

Anal vesicles are in the form of numerous slender tubes with spaced 
short lateral branches (pi. 31, fig. 6). These tubes are involved in 
and fastened to body wall by transparent but strong frenula. In the 
type nearly all the tubes of the left side spring from a small irregular 
common chamber closely appressed to the transparent wall of the 
cloaca, but on the right side no such common chamber is present. 
Here the vesicular tubes arise independently from the doacal wall. 
It is probable that the number of tubes increases with age. The 
ultimate subdivisions are not well enough preserved for exact delinea^ 
tion but they resemble in general those of A. ijimai. Although the 
cloaca is not perfect in any of the specimens, that of the type shows a 
rather large subspberical chamber with transparent walls joined to the 
body wall by a multitude of frenula. 

Male. Males occur in the genital groove as shown in plate 31, 
figure 2. Probably the groove is normally as in the type, which has 
one or two males in it. They are depressed lanceolate in form, 1.2 
mm. long, and the tube of the sperm receptacle opens at the middle 
of the anterior end, the receptacle itself being about in the middle of 
body (pi. 31, fig. 6). 

Type.— U.S.N.M. No. 20601. 

Type locality. — Albatross station 4942, Eagoshima Oulf, Japan, 118 
fathoms, brown mud, black specks, bottom temperature 59.8^ F., 
2 specimens. 

Specimens examined, — The above and 1 specimen (paratype) from 
station 4940, same locality, 115 fathoms (pi. 31, fig. 1). 

Xenopneusta, new order 

No blood-vascular system, the coelomic fluid being heavily charged 
with large blood corpuscles containing hemoglobin or hemoglobin 
and hematin; intestine with terminal portion in front of cloaca en- 
larged, thin-walled, functioning as an organ of respiration in connection 
\vith anus and cloaca. 

Family URECHIDAE Fisher and MacOinitie, 1928 

Diagnosis. — Differing from other Echiuroidea in the absence of a 
blood-vascular system, the corpuscles (red or brown in color from 
hemoglobin or hemoglobin plus hematin) free in the coelomic 
fluid; distal portion of midgut greatly enlarged and in connection 
with cloaca serving as a respiratory apparatus; foregut very long, 
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induding a long gizzard between an anterior long crop and a posterior 
long stomach; proboscis reduced to a scoop-shaped upper Up. 

Genus URECHIS Seitz 

UreehU Sbits, 1007, p. 352 (type, Echiurus chiUnna Max MQUer, 1852). — Fishsb 

and MAcGiNmE, 1028a, p. 200. 
Spirodeiar Skobikov, 1000, p. 77 (t3rpe, EchiurM untcinctus von Drasche). 

Diagnosis, — Cylindrical or sausage-shaped echiuroids with characters 
of family. Body wall is very muscular, consisting of outer and inner 
circular layers and middle longitudinal layer, the latter the thickest; 
inner layer showing a fasciculate arrangement superficially. In the 
r^on of the posterior pair of nephridia is a zone of compound slime- 
net glands lodged in the verrucae of the skin. There are two or three 
pairs of nephridia, the basal nephrostome of which has long spirally 
coiled ciUated lips for collection of mature germ cells. The two an- 
terior setae have a strong interbasal muscle; one ring of curved anal 
setae interrupted ventraUy. Traversing the coelomic cavity in front 
of the anterior setae are paired dorsoventral muscles (pi. 34, fig. 2, 
IS). The alimentary canal has a definite pattern of attachment to 
body wall by muscular mesenteries, differing in minor details in the 
three species (pi. 36, fig. 1). The slender foregut is very extensive, 
consisting of pharynx, esophagus, crop (subtended by a powerful 
muscular mesentery not attached to body), a long gizzard, and a 
stomach attached posteriorly by a strong mesentery. The greater 
part of the very long midgut is accompanied by the siphon, which 
starts dose to distal end of stomach. The' ciliated groove of midgut, 
which parallels the siphon, extends beyond it to the point where the 
gut is suddenly expanded into the inflatable respiratory portion. The 
external ridge marking the ciliated groove continues along dorsal 
side of this expansion, passing distally to the right where it affords 
attachment for mesenteries, but there is no groove inside correspond- 
ing to it* This inflatable so-called "hind^ut" is equivalent to the 
terminal part of the midgut of Echiurus (which is not enlarged). 
The only similar abrupt enlaigement occurs in Nellobia eusoma. The 
true hind-gut or cloacal cavity is separated from the foregoing by a 
definite sphincter constriction and consists of a thin-walled anterior 
portion and a thicker-waUed terminal section with rugose mucosa. 
Very numerous frenula attach cloaca to body wall and account for 
the expansion of cavity by which water is inhaled during respiration. 
The anal vesicles are voluminous, slender sacs, always deflated, which 
open ventrally into terminal portion of cloaca. The glandular walls 
are externally rather cauliflowerlike and the entire inner surface is 
intricately plicated. The scattered ciliated funnek are very tiny. 
The anus is eccentric to the circle of setae, being slightly nearer the 
ventral side Tpl. 33, fig. 4). 
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ifemort*.— Three well-known species have a very uniform outer 
facies. Although umciricius of Japan has only two pairs of nephiidia, 
it is indistinguishable by external features from small examples of 
eaupo. The details of skin and setae are practically identical. The 
alimentary canal, except for minor details of mesenteries, is closely 
similar in the two species. Apparently umcindus does not reach the 
large size of caupo and chilensis, both of which have a third (posterior) 
pair of nephridia. The anterior setae of chilensis are blunt and 
scarcely tapered while in the other two species they are strongly tapered 
and sharp. In chilensis, ss compared to cau^o^dorsoventral muscle IS 
is weaker, the crop and gizzard are longer, and the interval between 
end of stomach and beginning of siphon is about three times greater. 
The attachment of the anterior end of the respiratory portion of 
midgut (pi. 36, figs. 1, 2) presents important di£Ferences. 

Urechis chilensis (MttUer), synonym U. farcimen (Baird), is found 
at Sandy Point, Strait of Magellan. My specimen, taken by the 
Hassler Expedition, was kindly donated by the Museum of Com- 
parative Zoology. 

A fourth species, Urechis nctHU-zelandiae (Dendy), awaits detailed 
investigation (Dendy, 1898; Poche, 1920). 

Dr. Carlos E. Porter, of Santiago, Chile, has called attention (in 
lilt.) to the name Pinuca edvlis Claudio Gay (1854, p. 475). Dr. W. 
L. Schmitt, to whom Dr. Porter sent the information, had photo- 
graphs made of the five pages covering the section on "Sipimculides" 
in the ''Historia . . . de Chile." Four of these are pages 53-56 of volume 
3 published in 1849 and list Sipwaevlus lagena and S. cylindricus. 
Pinvca edvlis is described in supplementary volimie 8, published in 
1854, -as follows: 

Afiade tomo III, p£g 56. Pinuca eduLU, Por haber perdido los ejemplares 
que teniamos de este singular Sipunouliano, es precise II lo menos sefialarlo i. la 
atenoion de los naturalistas y viajeros. Segun nuestro diario es de un blanoo 
pardusoo sdcio y tiene de doe II tres pulgadas de largo y oomo una de ancho. Su 
ouerpo es suboiUndrico, ligeramente hinohado en el medio y adelgasado en ambas 
puntas, siendo la anterior muoho mas obtusa que la posterior. £1 cuero es grueso, 
coridceo, un tanto arrugado en al traves, 16 que proviene de la reunion de una 
infinidad de pentitos mas 6 menos prominentes. La boca es pequefia, arugada, 
rodeada, i, poca distancia, de muy pequefios aguijones apenas visibles, subre- 
tractiles y dispuestos en cfrculo. El ano se halla ^ la otra extremidad y es 
bastante grande, Uso, circular y un poco hendido. Un disefio hecho en el lugar, 
sefiala hllcia el medio una reunion de pequefios cuerpos dispuestos en una banda 
circular de una linea poco mas 6 menos de ancho. 

Este animal que los habitantes comen cocido en la brasa despues de haberle 
quitado las dos extremidades, se halla en las arenas de la isla de Ohiloe oerca de 
Castro, etc. En mi diario hallo notado que haoe el pasaje de los Priapos II los 
Sipilnculos. 

Without specimens from Chilo6 Island it is not possible to determine 
whether Pinuca edvlis is the same animal as Urechis chilensis, which 
has not been reported so far north. If Pinuca i^ an Urechis it is 
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obvious that Oay has the mouth and anus confused; and the length of 
2 OT 3 inches is small for the average size. There are other discrep- 
ancies. In a Vrechis 3 inches long, the anal setae are not "scarcely 
visible" but are conspicuous; no mention is made of the prominent 
anterior setae; no specimen of Urechis displays ''h&cia el medio ima 
reunion de pequefios cuerpos dispuestos en una banda circular de una 
Ifnea poco 6 menos de ancho," whether "medio" refers to the body 
or to the anus (mouth), which just precedes this sentence in the 
description. 

The curious respiratory mechanism of Urechis, in connection with 
the loss of its blood vessels and the complexity of its blood physiology, 
rel^ates the genus to a very isolated position. Not less important is 
the behavior pattern whereby the requirements of respiration and 
food are beautifully met and coordinated. At every point specializa- 
tion of habit is matched by structural and physiological adjustment of 
the most delicate and efficient description. Along with this specializa- 
tion and complexity is an amazing viability best expressed by the 
term "tough." » 

All signs point to Urechis as being the last of a very ancient stock, 
ODe that may have flowered into many species during Paleozoic times. 
It belongs to the honorable company of Lingvla and those other 
aristocrats sometimes referred to as 'living fossils." 

UBBCmS CAUPO Ftaher and MacGfaiitfo 

FiouBBB 17-19; Platbb 33-35; Platb 36, Figubbb 2, 4; Plate 37 

Echiuru9 sp. Johnson and Snook, 1927, p. 178, fig. 153. 

Urechis caupo Fibheb and MacGinitie, 1928a, p. 200, pi. 9, figs. 1-6; 1928b, 

p. 204, figs. 1-3, pi. 10. — Baumbeboeb and Michaelib, 1931, p. 417. — 

Redfield and Flobkin, 1931, p. 185. — Hall, 1931, p. 400. — Sato, 1931, p. 

178.— Newbt, 1932, p. 387; 1940; 1941, p. 303.— MacGinitie, 1935a, p. 341; 

1935b, p. 602; 1935c, p. 483; 1938, p. 208. 

Description. — ^The species reaches a large size. One specimen col- 
lected by G. E. MacGinitie at Humboldt Bay, Calif., measures 470 
mm. long by 55 mm. thick. The largest specimen from Elkhom 
Slough, Monterey Bay, Calif., was 500 mm. long when fully relaxed 
in anesthesia, but after preservation it shrank to 375 mm. in length 
by 35 mm. in diameter. These were undoubtedly very old individuals. 
Average specimens are 150 to 180 mm. long. 

The sm^ace of the body is traversed by fine irregular channels giv- 
ing a rugose appearance, which is most pronounced in the head region 
anterior to the zone of slime glands. The latter, a sort of cUtellum, 
is usually distinguishable by the circular trend of its fine furrows. 
Its anterior border coincides roughly with the second pair of nephridia, 



» See Bedfleld and Florkln, 19S1; Banmberser and Miohaelis, IflSl; HaU, 1931; MacGinitie, IfiSte, mSe; 
Newby, 1940, 1941; Ftaher and MaoOinitie, 1928a. 
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while the posterior border is spaced behind the third pair a distance 
about equal to interval between second and third pairs. This zone 
contains the slime-net glands. ''Three to 10 or even more glands 
are located on the outer surface and in the outer part of the sides of 
the papillae. These glands develop from the siu^ace epithelium 
and are formed by an invagination of this layer of cells and the out- 
lying cuticle. The gland cells develop numerous terminal cones 
which penetrate into the cuticle of the duct (formed by invagination). 
Dm*LQg the secretion of any one slime-net only about one-eighth of 
the gland cells are active. In these cells the terminal cones perforate 
the cuticle and open into the duct as minute tubules from which the 
fibrous secretion which forms the slime-net is discharged. The net 



FiGXTUi 17. — Urechis caupo FUher and MacGintie: A vertical section of a mature tlime- 
net ^and taken while actively secreting; drawing by W. W. Newby (1941). 
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itself is probably fibrous in nature, although this has not been demon- 
strated. [Figs. 17, 18.] 

"The body wall consists of the cuticle, the surface epitheliiim or 
epidermis, and the imderlying connective tissue called the cutis 
(Jameson, 1899, p. 572) or corium (Seitz, 1907, p. 326). These three 
layers constitute the skin. Beneath them are the outer circular, 
the longitudinal, the inner circular muscle layers and the parietal 
peritoneum." ^* 



inactive 



ddive cell 



Figure 18. — Uuchis caufo FUher and MacGinitie: A vertical section of the middle part 
of a slime-net gland taken while actively secreting; drawing by W. W. Newby (1941). 

Anterior setae terminally tapered, sharp, cm^ed, situated, in large 
specimens, 3 to 5 mm. back of the groove leading to mouth and about 
the same distance apart. They are metallic yellow, brownish at tip, 
8.5 to 10.5 mm. long. The flattened, curved exserted portion is more 
tapered and sharper than in chUensis. A strong interbasal muscle is 

M Newby, IMl, pp. a04, 315; figs. 1-10. Dr. Newby has subjected the sUxne glands to a thorough histo- 
logical study. He has kindly contributed the original drawings of figures 17 and 18, which are horn the 
above paper. 
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present, and numerous somewhat variable musdes radiate from the 
coelomic end. Inside the seta sac a short substitute seta is oft^i 
present close beside the functional one. 

Anal setae curved terminaUy, sharp, 10 or 11 in number, and the 
dorsal are longer (8.5 mm.) than the ventral (7.3 nmi.). The dorsal 
are the only ones used to any extent in cleaning out the burrow. 
When digging, the posterior end of the body is bent sharply forward, 
underneath, so that the ventral setae touch the ventral surface of the 
worm, while the strongly exserted dorsal bristles scrape the mud 
backward as the body is again straightened. This habit helps to 
explain the absence of a midventral seta, there being a broader gap 
at that point. The anus is eccentric to the circle of setae, being 
nearer to the ventral side (center of anus 6 or 6.5 mm. from dorsal 
setae and 4 or 4.6 mm. from the ventral). All bristles show conspic- 
uous cross-banding. 

There are three pairs of nephridia varying greatly in size according 
to degree of distension with eggs or sperm. In one specimen ex- 
amined the posterior tubes were 150 mm. long and 10 mm. in diam- 
eter, reaching two-thirds the total length of animal. The anterior 
pair is situated close to the setae. Rarely, one nephridium of this 
pair is missing. The nephrostome is on the anterior side at the base 
and the grooved ciliated lips are very long and spirally coiled. Mac- 
Ginitie (1935a) has shown that the superficial groove, V-shape in sec- 
tion in the male and more C-shape in the female, communicates by 
a sUt along its bottom with what is virtually an almost closed duct 
or tube underneath. In both upper and deeper parts of groove the 
cilia beat toward the nephridium while on the outside of the Ups, 
bordering the superficial groove, they carry materials in the opposite 
direction and incidentally help in the circulation of the codomic 
fluid and contained blood cells. ''As the eggs, blood cells, and other 
coelomic materiab pass along the outside of the thread the eggs are 
caught in the external portion of the groove, are fed into the inner 
channel and thein proceed to the opening leading into the storage 
reservoir [nephridium]. They are carried toward the reservoir at the 
approximate rate of 7 spirals per minute. Thus the eggs are sepa- 
rated from all other coelomic materials. As the eggs pass through 
the sUt between the external portion of the groove to the inner chan- 
nel, they are under considerable pressure. They enter as a wedge, 
then become disc-shaped in the slit, and finally round out in the in- 
ner channel. Only mature eggs with indentations are collected in 
this way. As the eggs pass along the inner groove toward the storage 
organ they become oriented with the convex surface of one egg 
pushed into the indentation of the egg ahead, thus forming a com- 
pact chain. Blood ceUs (which range from 0.014 to 0.02 mm. in di- 
ameter) and immature egg cells pass along the collecting threads (i. e., 
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the spiral lips) without lodging in the external groove. Sperm is col- 
lected in the outer groove of male collecting threads, fed into the 
iBixer groove, and carried to the storage organ." " 

There is no permanent gonad. ''Sex cells in all stages of develop- 
ment, from very immature ones to those which appear to be fully 
mature are found in the coelomic fluid at all times of the year. In 
the case of the male, the apparently mature, free-floating sex cells are 
known to be functional." (MacGinitie, 1935c, p. 485.) "I have 
examined a male collected in winter as well as several specimens of 
both sexes collected in the summer and in these I could establish 
neither qualitative nor quantitative differences in the sex cells at the 
two seasons. Furthermore, in neither season did I find mitotic fig- 
ures in any area of the peritoneum nor could I establish any evidence 
of division by any of the cells which were free in the coelom. Thus 
there is no evidence in regard to the origin of the sex cells in Urechis." 
(Newby, 1940, p. 7.) 

MacGinitie (1935a, p. 342) estimates that there are nearly 3 billion 
sperms present in the nephridia of an average-sized male and over 6 
million eggs in an equal-sized female. The egg^ are 0.115 to 0.12 mm. 
in diameter according to MacGinitie (southern California specimens). 
C. V. Taylor measured 303 from the Monterey Bay region and found 
them to range between 0.123 and 0.144 mm. in diameter.^ The e^ is 
very dear, with a large nucleus, containing a nucleolus 0.012 to 0.016 
mm. in diameter. 

The anal vesicles, contracted, have a cauliflower surface beset with 
minute ciliated funnels. They empty, ventrally, into the posterior 
part of the cloaca. 

In addition to abundant sex cells, the coelomic fluid is filled with 
nucleated red or brown blood corpuscles subcircular in shape and up- 
ward of 0.035 mm. in diameter, together with very numerous amoe- 
boid cells, yellowish when aggregated. "The color of the blood 
varies from the purest oxyhemoglobin red to the darkest brown-black 
or a blacklike Chinese ink, even after complete saturation with oxygen. 
The red color is due to hemoglobin homogeneously distributed within 
the blood cells. Whenever the color is brown, besides this hemoglobin 
there is another granular pigment of brown color within the cells 
which wiU be proved to be hematin. Red blood was encountered in 
some few of the smallest individuals and in some of the very largest 
sex-mature females. The majority of the individuals, of medium size, 
contained brown or brown-black blood." (Baumberger and 
Michaelis, 1931, p. 417.) 

M MMOlnltle, 1935a, p. 346. A oaiefol pAper based upon obeervation of llTing material and the only one 
deMribtng the behavior of the nephridlal appendagea. 
• Physfologtoal Zoology, vol. 4. p. 480» 1081. 
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Alimentary canal.*' — ^As indicated in the family and generic 
diagnoses, the most characteristic features of the alimentary tract are 
the extremely long presiphonal foregut, with its very e3ctended gizzard 
segment, and the " hind-gut'' modified to act as a respiratory organ. 
These features are closely similar in the three species, all of which I 
have dissected. The apparent differences in the published figures 
are due to limitations of material or faulty observation. In plate 34, 
figure 1, the greater part of the siphonal and part of the postsiphonal 
gut have been removed. A very contracted specimen was used owing 
to limitations of plate. Here it is obvious that the foregut is con- 
siderably longer than the body. In a well-expanded preserved speci- 
men, 300 mm. long, the phaiynx is 30 nun. long; esophagus 40 mm.; 
crop 85 mm. ; gizzard 85 mm. ; stomach 50 mm. ; total 310 mm. In an 
expanded specimen the distance between the position of the stomach 
and anus may equal nearly one-third body length and the muscular 
mesentery may be, as in the specimen under discussion, 35 mm. long. 
The posterior attachment of this mesentery is indicated also in plate 
36, figure 4, AP. 

The pharyngeal lining is thrown into very coarse longitudinal 
folds, which really begin on the ventral side of proboscis and run 
directly to the esophagus, diminishing in size. In the esophagus 
the much smaller ridges are cross cut by deep narrow channels, which 
divide them into rings of oblong verrucae, giving the exterior a ringed 
appearance. The esophagus is definitely begun at the last of the 
dorsolateral mesenteries of phaiynx (pi. 34, fig. 2, 15). In this 
figure an attempt is made to show the muscular mesenteries of the 
pharynx by a view looking forward into the head region from just 
back of the first pair of nephridia. The pharynx has been pulled 
upward by the contraction of these dorsal and dorsolateral mesenteries 
1-7 (led side). The ventral mesenteries (14) are the least variable. 
Muscle IS (paired) is not connected with the alimentary canal but is 
attached below to body wall in front of the seta, and above, dorso- 
laterally. All these muscular mesenteries are characteristic of the 
genus and on direct comparison appear to be more robust in chUensis 
except IS, which is better developed in caupo. 

The crop (crop 1 of Seitz) is subtended by a strongly musculu* 
mesentery not attached to body wall. The posterior part of esoph- 
agus (pi. 34, fig. 1, ^ loses its ringed appearance, the mucosa hav- 
ing deep, fine, longitudinal folds. In the crop the mucosa is again 
regularly verrucose, but of finer texture than in esophagus. In the 
gizzard the mucosa is thrown into strong ring folds, formed by the 
annulate muscles of gizzard wall, conspicuous superficially. The 



9f Embleton, 1900. pi. 8, g\vm some flguns of the htatology of aliniflnteiy moal of U, wMctaefHj; Belts. 
1007, pi. 81, for U. ekUentii. 
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crop and gizzard of ehilensis by direct comparison are definitdy 
longer than in caupo by about 25 percent. 

The stomach (crop 2 of Seitz) conresponds to that of ITuilasaema, 
and the mucosa has about 12 distinct longiseries of compressed ver- 
rucae. Externally the stomach has the longitudinal zonation charac- 
teristic of Ilialaasema and allies. It ends abruptly at the beginning 
of the much wider midgut with its ciliated groove. About 3 mm. from 
end of stomach the siphon begins, while the ciliated groove continues 
adjacent to it, along the inside of intestine (pi. 35, fig. 6). A strong 
muscular mesentery subtends the stomach and is attached posteriorly 
a little to left of nerve cord (AP) . In chUensis the siphon begins 9 mm. 
from end of stomach as compared to 2.5-3 mm. in ca/upo. 

The course of the intestine in a fully expanded specimen is shown 
in plate 35, figure 1. The anterior and posterior portions of the body 
are omitted. Plate 36, figure 4, shows tjiie cloacal region of the same 
specimen. It will be seen that the siphonal part of the intestine is 
very long and includes two anterior and two posterior bends. Three 
segments of the gut are attached by muscular mesenteries on the right 
side of body and three (including the big "hind-gut") are attached 
on the left side. The f oregut is not attached to body wall except by 
the strong phamygeal mesenteries and the mesentery of the stomach 
(Af). In this figure the breadth is accentuated because the body 
wall is pinned out flat. The mesenteries of siphonal gut farthest to 
right are attached about halfway between midventral and middorsal 
lines. 

The postsiphonal "small intestine" is rather short and is anchored 
by heavier mesenteries than are found on the siphonal portion anterior 
to the last loop. The "hind-gut," used as a respiratory organ, varies 
in dilation and consequent thickness of wall in different specimens. 
The wall is usually thin and translucent. It is firmly anchored along 
its entire length on the left side of the nerve cord. On plate 36, 
figures 1-3, I have shown the attachment of the anterior end of the 
'^hind-gut" in the three species. Unless the single specimen of 
ehileneia available for dissection is abnormal, there is considerable 
difference between it and caupo. 

The cloaca is probably normally elongate as shown in plate 36, 
figure 4. It is here shown opened for the entire length. The mucosa 
of the posterior third is deeply furrowed longitudinally, and in this 
part, on the ventral side, are the openings of the two anal vesicles. 
The fecal pellets which sometimes crowd the portion of small intestine 
shown in plate 34, figure 1, are cylindrical with roimded ends (pi. 35, 
fig. 6). 

The fresh colors of the viscera in an anesthetized specimen are: 
Foregut, pale flesh or skin color; anterior third of midgut pale gray- 
green mottled with brown; middle third, mottled yellow and dull 
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gray-green; posterior third pale gray-green; siphon, pale jade green; 
respiratory gut, translucent raw sienna. 

Type.— U.S.N.M. No. 19616. 

Type hcality. — ^Elkhom Slough, an estuary of Monterey Bay, 
Calif.; shallow water, muddy sand. 

JX^tribviion. — Califobnia: Humboldt Bay, Tomales Bay, Mon- 
terey Bay (see note below), Morro Bay, Newport Bay. With one 
exception all specimens have been found living under essentially 
estuarial conditions; that is, in quiet bays or sloughs in sandy mud. 
As a rule the openings of the burrows are under water at low tide, 
but are sometimes uncovered. However, in June 1923 I found one 
good-sized specimen in a bucket holding flounders and other fish 
caught in essentially open sea conditions near the Hopkins Marine 
Station, Pacific Grove, Calif. This record points to the probable 
occurrence of the species at moderate depths almost anywhere off the 
coast of Califomia where mud of the proper consistency for permanent 
tunnels is present.^ 

History. — ^The first specimens of which I have any knowledge were 
collected in 1903 by C. S. Thompson, at Morro Bay, Calif., and 
brought to Stanford University. Some of these, in a good state of 
preservation, are still in the museum there. In 1920 I found one 
specimen in Elkhom Slough, Monterey Bay, where a few years later 
Dr. Myrtle Johnson collected the examples from which the figures in 
^'Seashore Animals of the Pacific Coast" were drawn. In 1923 a 
specimen was brought in by flounder fishermen from the sea bottom 
off the Hopkins Marine Station. It was not until 1926 and 1927, 
however, that the animal was studied. In connection with an 
ecological exploration of Elkhorn Slough, Prof. G. E. MacGinitie, 
then a gi*aduate student working at the Hopkins Marine Station, 
found them in quantity. By means of narrow aquaria filled with mud 
C'limoria") and glass-tube facsimiles of the actual burrows, he was 
able to observe living animals imder essentially normal conditions, 
for Urechis seems to be insensible to light. Every important fact 
in the ecology of Urechis has been discovered by Professor Mac^ 
Ginitie.^ 

Habitat. — ^The first field studies were made at Elkhom Slough, a 
shallow estuary, tributary to Monterey Bay, where the water, al- 
though slightly warmer than that of the ocean (which here varies 
from 49® to 57*^ F.), has practically the same salinity, there being 
usually a free interchange with each tide. In this inlet dwell a con- 
siderable variety of bivalves, some of which are much sought for food. 
There are two very interesting decapods, CaUianassa califamiensis 
Dana and Upagebia pugettensis (Dana), which, like Urechis ^ construct 

» Dr. Earle H. Myen teOs me he baa foond XJr§tMM in the stomaoh of dogfish eaocht northwest of Saa 
Fiandsoo Bay entranoe (Golden Gate). 
» Fisher and MaoGinitle, 1028b; MacGinltie, 108£b» pp. 682-686, 688, 715, 717; 1988, p. 208. 
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tuimels in the mud and conduct a more or less permanent m&xage. 
The mud teems with amielids such as Lumbrinereia, and there are 
literally acres that have a greenish tinge from the tentacles of Phoro^ 
napsis viridis Hilton. Zostera grows in permanent patches and sup- 
ports a characteristic association of animals. At favorable times wide 
expanses support a growth of green Enteramorpha which, either fresh 
or decayed, is an important food element, since the bulk of animal 
life consists of detritus feeders. 

At low water broad areas are left bare, but Urechis usually excavates 
its home where the entrances are not exposed at lowest tide. A few 
places were found where they are exposed at lowest tide. 




Figure 19. — A, Uteckis caupo Fuher and MacGinitie, in resting posture. B, Position 
assumed while digging with anal setae. C, Plan of Urechis tunnel, the worm in situ 
pumping water through the slime-tube. Water enters at C, where there are two CUvt* 
landia ios (one ouuide); at a, Hespernoe lies in wait to feed on tube when it shall be swal- 
lowed; hy the tiny clam Cryptomya calif omica; c, ScUroplax; d, CUvelandia creating 
disturbance; e^ eruption of mud cloud on ventilating current; castings around exit. 

The tunnel (fig. 19, C), never carried very deep, has two entrances 
and is in the form of a widely expanded U, of which the uprights are 
nearly perpendicular and the bottom horizontal. The apertures are 
small, being about one-third the diameter of the tunnel itself. Around 
one of the openings there is a considerable quantity of castings. The 
greatest distance between entrances measured 38 inches, the shortest 
16 inches. Twenty-seven was the average for many measurements. 
The distance apart of the two entrances depends upon the size of the 
animal but not proportionately so, for small specimens have more 
extensive burrows for their size than larger ones. The lai^est speci- 
men obtained was 19.5 inches long when relaxed in anesthesia, and 
the smallest was 1 inch. 

The burrows have a permanent aspect and none of those continually 
observed was found changed except that occasionally one had a new 
entrance. The animals grow very slowly, and so the enlargements need 
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be made only at icfrequent intervals and then only by widening the 
U and extending one of the entrances. 

Loeomotvm. — ^A Ureehia can move along a smooth surface in much 
the same manner as an earthworm. It elongates the anterior part 
of the body and then forces forward the viscera and the water con- 
tained in the respiratory gut by contracting the posterior region and 
relaxing the anterior. When most of the body weight is in the anterior 
end the posterior portion is drawn up. These movements are re- 
peated as the animal proceeds. Its method of locomotion within the 
burrow is quite similar except that the animal has the added advan- 
tage of being able to wedge the anterior portion against the sides of 
the burrow. Its rapidity of locomotion approximates that of an earth- 
worm. It can move considerably faster when in the burrow than 
when out of it, and it can move backward nearly as fast as forward. 

Digging, — ^When dicing a tunnel Ureehis forces its proboscis into 
the mud and works out a hole until the body can be drawn into it. 
This process is continued until the worm completes a U-shaped 
tunnel open to the siurface at both ends, so that a supply of fresh 
water may be pumped through the tube by peristaltic movements of 
the body. Then the bore of the tunnel is enlarged by scraping mar 
terial from the sides by means of the anterior setae, working it back- 
ward with the anal setae, and finally blowing it out the ^'back door" 
by a blast of accumidated respiration water from the hind-gut. To 
loosen sand from the sides of the burrow, the oral setae are protruded, 
then drawn backward through the sandy mud. This digging is done 
on all sides of the burrow as the animal can rotate its body at will. 
The setae are shed occasionally and renewed. 

The use of the anal setae, which form a ring of 10 or 11 a short 
distance from the anus, is highly characteristic and was carefully 
observed. The sharp retractile bristles curve forward. The mid- 
ventral seta is lacking, ard the pair on each side are distinctly shorter 
than the four or five dorsal setae. When a certain amount of loosened 
debris accumulates from the activities of the anterior bristles, Ureehis 
crawls over it and forces it backward, in one of two ways: either by 
blowing the sand along with anal-water jets, augmented by the vigorous 
ventilating stream of the tube, or by turning under the posterior end 
of the body and then vigorously straightening it (fig. 19, B). The 
loosened material is shoved along the tunnel, whereupon the anal jet 
and ventilation current propel the finer detritus still farther. The 
animal backs up and repeats the process. When the posterior end is 
folded under, the dorsal setae are strongly everted and their forward 
curvature favors efficient scraping. The ventral setae (now dorsal 
in position) are against the vential body wall and do not function. 
A reason for the smaller ventral setae (and the absence of the mid- 
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yentral seta) is dow apparent, if we have faith in the efficacy of use 
and nonuse in determining the relative size of similar organs. 

Castings are sometimes ejected from the burrow by this flipping of 
the posterior end of the body (which can be admirably hnitated with 
the forefinger), but usually only by water currents. Castings are 
allowed to accumulate and then are ejected in quantity from one 
entrance. When digging downhill the animal shoves the soil along 
the body and then out by backing up the burrow, forcing the sand out 
the last inch or two by water currents. The opening then resembles 
a miniature volcano with fine dark sand spouting out and the roily 
water trailing off from the crater like smoke. A major convulsion 
will carry out fragments of shells 2 or 3 nmi. in section. Larger 
objects are avoided or allowed to fall toward the lower part of the 
burrow where they are buried. Doubling the velocity of water in- 
creases its carrying efficiency directly as the sixth power. The nar- 
rowed mouth of the tunnel undoubtedly aids in increasing the force 
of these ''volcanic" manifestations and hence their efficiency in re- 
moving sizable debris. 

Once Urechis is settled in a permanent home its daily activities 
consist of respiratory movements, obtaining food, cleaning the bur- 
row, and resting. 

Respiratory movements. — There are two separate movements con- 
cerned with the respiration of Urechis: (1) The peristaltic movements 
along the body which piunp fresh water into the tunnel and move 
that within respiratory chamber of the intestine; (2) the inhalations 
and exhalations, through the anus, for which the muscular cloacal 
chamber, resembling that of a holothurian, supplies the chief motive 
power. 

The inhalations are from 1 to upward of 30 in succession (without 
an exhalation). Exhalation is usually a single discharge although 
infrequently a rest may occur during a period of exhalation. The 
rate of breathing is not uniform. For instance, 2 inspirations cover- 
ing 25 seconds were followed by an expiration period of 10 seconds, 
while in another instance 7 inspirations occupied 25 seconds, the ex- 
piration 10; 24 inspirations occupied 70 seconds, the single expiration 
50; 30 inspirations occupied 90 seconds, the expirations only 25. 
Inspirations fewer than 12 predominate in a total of 11 cycles timed. 
These times were taken on a specimen lying in a pan of water. In 
its natiuul environment Urechis breathes more slowly, but with the 
same irr^ularity. 

The peristaltic movements of the body which serve to propel water 
through the tube are even more erratic. The wave, which expands 
the body to fill the burrow, begins at the base of the proboscis and 
passes idong the body at varying rates for different waves or even the 
same wave in different parts of the body. As one wave arrives at the 
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posterior portion of the body a new one begins at the anterior end. 
ZJreehis is normally always in control of the water and senses any- 
thing which may attempt to pass through the burrow. 

Feeding. — ^The unique method employed by Ureehis to gather 
nourishment is generic and furnishes a striking example of the coordi- 
nation of adaptive structure and behavior. 

A short distance back of the oral setae is a zone of compound 
mucous ^ands, which fonn a sort of ditellum very faintly differen- 
tiated externally by the ringlike arrangement of the low rugosities of 
the skin. These ^nds are specializations of the simpler and more 
numerous multicellular flask-fonn mucous gUnds of the integumeot. 
The slime-net or girdle ^ands, as they have been called, secrete a 
fairly long transparent mucous tube, or funnel, whose upper, open 
end is fastened near the mouth of the tunnel while the lower remairs 
attached to the diteUum. This strains from the ventilating, or respir- 
atoiy currents, all minute particles as the water flows through and 
when sufficiently loaded the tube is swallowed. The process is 
repeated as long as the animal feeds. Ureehis readily adopts a glass 
substitute for its nonnal burrow so that feeding reactions can be closely 
followed (pi. 37, fig. 1). 

Just before starting a tube, the body is constricted at the clitellum. 
This region is then expanded until it presses firmly against the sides 
of the bunow (usually near the mouth, but sometimes in the hori- 
zontal portion) with which it remains in contact for about 2 seconds. 
During the spinning process, which occupies only a few minutes, the 
constricted portion of the body anterior to the ditellum (whence the 
slime is issuing) undergoes a curious spiral peristalsis (pi. 37, fig. 5) 
easily detected by watching the nerve cord, which shows through the 
pink body wall, while back of the ditdlum the normal respiratoiy, or 
pumping, peristalsis is taking place. 

The tubes vary in length from about 2 to 8 inches without apparent 
reason. As the tube lengthens Ureehis backs down the tunnel, and on 
completion the spiral peristalsis anterior to the clitellum ceases, being 
replaced by a faint normal peristalsis, the main wave starting just back 
of the attachment of slime tube to the body. These normal ventilating 
reactions are kept up until the animal, apparently sensing the blocking 
of the water current by the dogging of the mucus with detritus, slips 
the tube forward ''over its head." In doing this it deftly catches the 
hind edge of the tube by expanding the proboscis and bending it back- 
ward, coUarwise, against the inflated nuchal region, until the muscular 
pharynx is able to pick up and suck in a portion of the margin (pi. 37, 
fig. 7). When diatom culture or detritus is introduced with a pipette 
the slime tube is soon swallowed; but if immolested, Ureehis may 
continue pimiping for an hour before the tube is do^ed. 
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Usually only a few minutes are required for swallowing the tube, 
but the time depends upon length of tube and the amount of detritus 
intercepted. When the tube has been swallowed up to the point of 
attachment the animal makes a movement to release it from the 
sides of the burrow similar to the reaction while d^ging with oral setae. 

The food funnel is porous to liquid but will intercept the smallest 
particles. Phenol red passes through everywhere, but no carmine 
particles ever do. Under the microscope no openings can be detected, 
but particles approaching a micron in diameter are lodged in the 
mucus. 

When first secreted the tube is perfectly transparent, but as it 
collects detritus it becomes gray and its outlines are easily seen. 
Peristalsis becomes more energetic as the tube-wall fills. 

When spinning the tube or lying at its lower end pumping water 
through it, Ureehis is very sensitive to disturbances. If water is in- 
jected into the mouth of the tunnel, the animal immediately ceases 
movement and remains perfectly still for a minute, then slowly 
resumes peristalsis. If the disturbance is too great, it will drop out of 
the tube and retreat toward the center of the burrow, returning later 
to eat the slime tube. While it is lying at the end of a completed slime 
tube any slight disturbance such as the introduction of a little mud or 
fresh dean meat will cause Urechis at once to pass the tube forward and 
begin swallowing. No large particles are ingested. They are rejected 
as the tube is being swallowed. 

Urechis feeds to some extent, although not very efficiently, when 
lying without its burrow in an aquarium. In such a position it will 
swallow sediment from the bottom of the aquarium gathering it with 
the proboscis. 

Resting. — After a period of feeding Urechis goes to the horizontal 
portion of the burrow, contracts its body so that it fits the tunnel 
snugly, and lies in a state of suspended activity during which even 
respiration ceases. These rests may last for an hour or more, but the 
long rests are always preceded by one or more short rests, which last 4 
to 8 minutes, and between which respiratory water is expelled and 
more taken in (fig. 19, A). 

Commensals (pi. 37, figs. 1-3). — Urechis has three permanent 
commensals: A polynoid annelid, HesperonoS adverUor (Skogsberg), 
and 2 pionotherid crabs, Sderoplax granvioM Rathbun and Pinnixa 
frandscana Rathbun. Sometimes all three are foimd in the same 
burrow, but usually only a HesperonoS and either a Sderoplax or a 
Pinnixa. In addition, the little Oryptomya califomica (Conrad) 
projects its siphons into the burrow to make use of the water in the 
burrow for its source of food and oxygen. The goby Clevelandia ios 
(Jordan and Oilbert) uses the burrow as a retreat rather than a resi- 
dence, as the little fish freely forages outside, returning when alarmed 
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or when the eDtrance is left exposed by low tide. On such occasions 
one to five gobies may be taken from the upper part of the tunnel. 
A goby left at the laboratory for several weeks in a glass burrow ap- 
peared contented. It would pass from one end to the other, wriggling 
past the Jjrechia as if accustomed to doing so. At Newport Bay a 
pair of either Betaeua Umgidactylus Lockington or Crangan [Alphaeus] 
califomiensis (Hohnes) have been found permanently established in 
the burrows of Urechis. The former is also recorded from Elkhom 
Slough from Urechis bmrows (MacGinitie, 1935b, p. 706). 

Hesperonoe adventor, which ranges in length when aUve from 15 to 
50 mm., is commensal with L/rechis throughout its range from Hum- 
boldt Bay to Newport Bay and normally is not found outside the 
burrows. The food of Hesperonoi consists of particles rejected by 
Urechis when swallowing its slime tube. These particles consist of 
either living or dead animals which wash down the burrow with the 
current and become entrapped in the slime-net. Sometimes when 
L/rechis is swallowing its slime tube the polynoid will crawl forward and 
eat part of the tube and contents. It is very aggressive toward in- 
truders within the burrow other than the conunensal crabs. Only one 
Hesperonoe occurs within each burrow, and if another enters the two 
will fight until one is killed or driven from the bmrow. Other anndid 
worms which may find their way into the burrow are speedily dis- 
patched (by means of the short eversible toothed proboscis) and 
devoured. 

Hesperonoe rests with its dorsal surface in contact with the body of 
Jjrechis, moving along the burrow with the latter by making little 
short runs as the peristaltic movement of the body of Lrechis passes 
by. It always faces in the same direction as Lrechis, and when the 
latter turns in its burrow the annelid quickly does likewise. Hespero- 
noe is also commensal in Echiurus timnels. 

Scleroplax ranges from 3 to 13 mm. across the carapace and is com- 
mensal also in the tubes of CaUianassa califomiensis and Upogebia 
pugettensis. It rests facing the side of the burrow, the chelipeds 
turned up in front and the last pair of legs raised behind. In this 
posture it can travel sidewise along the tube much faster than its host. 
Its food consists of particles which wash into the burrows or are un- 
covered by the hosts. Pinnixa Jrandscana screens detritus by 
means of its second maxiUipeds, and it will also feed on partides of 
worms, dams, etc. Scleroplax has never been observed screening 
plankton. As many as su^ Scleroplax have been taken from one 
Urechis burrow. A male and a female are often found together or two 
females. In one instance an ovigerous female was found with an 
ovigerous Pinnixa, and in another burrow a male Scleroplax and a 
male Pinnixa. 
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Enemies. — Urechia probably attains a ripe old age. Five specimens 
of different size, kept in mud in the laboratory for over a year, appear 
not to have grown. However, as their food is principally detritus, and 
as natural conditions are necessaiy to keep this stirred up in order that 
any quantity may be drawn into the slime net, laboratory growth tests 
are not convincing. Yet what might be termed the settled habits of 
the creature and the scarcity of very small specimens poii^t strongly 
toward longevity. The only animal known to prey upon them is the 
sting ray {Myliobaius califomiciLe Gill), which can dig out an occa- 
sional Ureehia. In the ocean, however, small worms are possibly eaten 
by flatfishes, which regularly feed upon Listriolobus pdodea. As 
already noted, Dr. Earle H. Myers found Urechia in the stomach of 
small shuks. 

The period of mortality probably comes during the larval stage. 
The small goby {Clevelandia ios) is extremely numerous, darting here 
and there, for any moving particles. These fish range from half an 
inch to IX inches in length and often devour objects so small as to be 
invisible to the observer. On one occasion 400 of these little gobies 
were netted from a hole, 3 by 6 feet, left by dam diggers. In addition 
the tiny UrechUs must run the gauntlet of a host of small predaceous 
crustaceans, annelids, nemerteans, and moUusks which forage on the 
surface and in the upper layers of mud. Once established in a burrow 
Urechia is relatively safe. ^ 

ParaaHe. — I have found rather numerous cestode larvae 0.25-0.32 
mm. long in the proximal end of the siphon where they perhaps cause 
the hemialike swellings of the siphon wall (pi. 35, figs. 4, 4a, 5). 
Probably the adult is to be found in the sting ray. 

Spawning. — Stored sex products are found in the nephridia through- 
out the year. MacOinitie (1938, p. 208) states tliat normal spawning 
takes place during a short season, usually in spring or at the beginning 
of summer as tlie temperature of the water rises. One male which he 
kept in the laboratory for two or three years spawned on May 24 and 
25. Just prior to spawning tlie worm came nearly to the opening of the 
glass tube which served as a habitation. Threewelts were thrown around 
the body so that the circular creases were just anterior to each of the 
three pairs of gonopores, and the gonopores themselves were somewhat 
protruded and turned toward the anterior end of the body, and, 
therefore, toward the opening of the tube. The gonopores became 
quite conspicuoiis; this was followed by several retching movements, 
as if the animal were attempting to regurgitate, and then sperm issued 
in a stream from each gonopore. When the sperm ceased to be 
expelled, the animal imderwent violent peristalsis, the waves running 
from the posterior to the anterior end, causing tlie sperm to pour out 
of the glass tube. The retching, followed by the violent antiperistalsis, 
was performed three distinct times. On both days after spawning the 
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wonn went back to the bottom of the tube, pumped vigorously for 
some time, and then resumed feeding. During spawning the body of 
the worm was much more elongated than normally. The spawning 
on May 24 occurred at 4:30 p. m., that on the following days at 9:20 
a. m. Although tne nephridia were emptied the first day of spawning, 
the movements and procedure on the second day were the same as for 
the first spawning, but very little sperm was dischai^ed. 

The embryology of Urechis caupo, outside the scope of this paper, 
has been thoroughly described and figured by Dr. W. W. Newby 
(1940). In this paper, which merits the highest praise, the relation 
of the Echiuroidea to other phyla is fully discussed. 



ADDENDUM 

In 1942 Dr. Sixten Bock published an important memoir '^Qn 
the Structure and Affinities of ' ITialassefna* lankesteri Herdman and 
the Classification of the Group Echiuroidea.'' Owing to delays 
occasioned by the war, it has been possible to incorporate only the 
most important systematic data in the foregoing report, such as the 
new genera Ikedosoma and Mits^vUeria. It is to be hoped that 
Dr. Bock will continue his fundamental work and will be able to 
revise the genus Ochetostoma, badly in need of an overhauling. 

As Dr. Bock's scheme of classification differs from mine, it is given 
herewith in skeleton form: 

Class EcHiUBOiDBA [of phylum Annelida] 
I. Order Echiuboinba, dov. 

1. Family Echiuridae Baird, 1868. Genera: Echiurua and UreehU. 

2. Family Thalassematidae, nov. 

a. Subfamily Ikedinae, nov. Genus: Iheda. 

b. Subfamily Thalassematinae, nov. Genera: T^oIoMema, Oeftelo- 

ztoma (incl. Listriololma) t Ikedoaama, ArhynekUe, 

3. Family Bonelliidae Baird, 1808. Genera: MaxmHUeria^ AeanUuh 

hamingia, ArchibaneUia, Hamingia, Parabaneliiaf Protobondlia, 
PaeudohoneUiaf Banellia. 
II. Order Saccosoicatinea, nov. 

1. Family Saccosomatidae Theel, 1006. Genus: Saceosoma. 
III. Order Pobobhnba, nov. 

1. Family Poeobiidae Heath, 1930. Genus: PoeMua, 

''The two latter orders comprise each a single spedes and thej 
must be regarded as very aberrant Annelids of somewhat doubtful 
relationship to the true Echiuroids" (p. 17). 
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EXPLANATION OF PLATES 

All figures were made by the writer directly from dissections or 
specimens. 

Plate 20 

Echiurus echiurus alaakanus, new subspecies 

1, Dorsal view of anatomy of anterior portion of body, X 5. Body wall is indi* 

cated only in pharsmgeal region. Junction of diaphragm to body wall is 
indicated by dashes for dorsal half and dots for ventral half. Coiled loops 
of esophagus are shown emerging from posterior opening of diaphragm, 
below the interbasal muscle. Lines radiating from pharynx are the muaeu- 
lar f renula. The peripharyngeal coelom is shaded. 

2, Anal bristle from posterior ring, 7.6 mm. long. 

3, Anal bristle from anterior ring, 8 mm. long. 

4, Diagram of the diaphragm (ventral half dotted) showing the poeterodorsal 

opening. The esophagus is omitted except where it pierces the right wall 
and becomes the gizzard. The edges that are attached to body wall and 
ventral mesenteries are dashes. 

5, Diagram of a section through diaphragm showing how its lower border meiges 

with the ventral mesenteries. 

B^B^, dorsal, ring, neurointestinal, and ventral blood vessels, respectively; 
C, stomach; CO, ciliated groove; Z>, diaphragm; O, gizzard; MD, dona 
mesenteries of esophagus; JlfV, ventral mesenteries of esophagus (fig. 5); 
N, nephridium; NCy nerve cord; 0, esophagus, indicated by arrows, ventral 
mesentery omitted, dorsal mesenteries shown as hghter lines; P, pharynx; 
SI, anterior end of siphon; X, perivisceral coelom (fig. 4); 7^, periphaiimgeal 
coelom. 

Plate 21 

Listriolohus pelodee, new species 

1, Ventral view of a large specimen from Monterey Bay, Calif., X IH* 

2, Same specimen, X 5, ventral view of anterior end showing nerve loop in pro- 

boscis, a section of which has been removed. 

4, Small phase before muscle bands are evident, natural size. 

4a, Side view of anterior end of a living specimen, X 3. 

46, A female, X 3, showing nephridia and fecal pellets. At this size the musde 
bands are not apparent unless the specimen is strongly contracted. Out- 
line from living animal. 

Ocheiastoma octamyotum, new species 

3, Ventral view of type specimen from Newport Bay, Calif., natural size. A 

specimen from Cabrillo Beach, near San Pedro, 95 mm. long, has a pro- 
boscis 93 mm. 

Plate 22 

lAstriolobus pelodea, new species 

Type specimen, X 7, dissected to show organs of anterior portion of the body; 

the alimentary canal is drawn to the right of its natural position. 
B^, dorsal blood vessel; B*, ring vessel; B*, neurointestinal connective; B*, ventral 
vessel; C, stomach; CO, ciliated groove of intestine; O, gizzard; /, intestine; 
286 
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Af/» interbasal muscle of setae; N, nephridium; NC, nerve coid; 0, esoph- 
agus; P, phaiynx; P>, posterior end of pharjrnz; S, seta; 8il, anterior end of 
siphon; VM, ventral mesentery; X, parasite. 

Platb 23 

Oeketastoma oetomyahim, new spedes 

1, Dissection, X 2; the spiral funnels of the nephridia and longitudinal muscle 

bands have been omitted except the midventral, which is lighter shaded. 

2, Interval between right ventrolateral and lateral muscles at middle of body 

showing fascicles of the oblique layer. On the lower left comer the oblique 

layer has been removed, X 20. 
8, Cloaca and adjacent part of intestine opened to show relation with intestinal 

coecum and anal vesicles, X 5. 
Lettering as for plate 24. 

Platb 24 

OeheiosUnna oeiomyotutn, new species 

The anterior portion of plate 23, figure 1, enlarged X 5 and with addition of 
details. 

A, anus; AV^ anal vesicles; AV^, their opening into cloaca; B^, dorsal blood ves- 
sel; B*, ring vessel; B*, neurointestinal connective of which B* is merely a 
part; B*, ventral vessel; C, stomach; CP, ciliated funnel or nephrostome; 
CO, ciliated groove of intestine; 02, cloaca; BAf, dorsal mesentery of pharjrnz, 
G, gizzard; IC, intestinal coecum; lO, its opening into cloaca; MC, outer 
circular muscle layer; MD, dorsal muscle band; MDL, dorsolateral muscle 
band; ML, lateral muscle band; MO, oblique inner layer of muscles; MVL, 
ventrolateral muscle band; N, nephridium; NC, nerve cord; 0, esophagus; 
P, pharynx; 8, seta; Si, siphon; 8%1, entrance to siphon; Siii, end of siphon; 
VM, ventral mesentery of pharynx. 

Platb 25 

Arhynehite inamoenus, new spedes 

1, Ventral view of paratype, X 1. 

2, Seta of type, X 10. 

3, Dissection of anterior complex of type, X 7, showing foregut in situ. 

4, Skin of figure 1, from near mid ventral line, enlarged. 

5, Type, X 7; the interbasal muscle has been cut and the liberated foregut drawn 

to the right; ventral mesenteiy is dotted. 
B^, B*, B*, dorsal, neurointestinal, and ventral blood vessels, respectively; CF, 
nephrostome; O, gizzard; M, mouth; Ml, interbasal muscle; N, nephridium; 
NC, nerve cord; 0, esophagus; P, pharynx; 8, seta. 

Platb 26 

BoneUiapns altukana, new genus and species 

1, Dissection of specimen from Unalaska, dorsal view, X 4. 

2, Tip of one of the primary branches of an anal veside, showing two seoondary 

branches with their ciliated funnels, X 50. 

3, One of the ciliated funnels, X 200, 

4, Nephrostome, X 10. 
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5, Anterior end of an individual, the short proboscis apparently in process of 

regeneration, X 3. 

6, Ventral view of a worm life size; the second proboscis indicates about the 

maximum length in preserved specimens. 

7, Anterior ventral portion of worm showing the contracted vemicose skin, X 10; 

when the skin is fully distended the verrucae disappear, the glandular thick- 
enings then ai^pearing as squarish patches, closely spaced. 
Go, gonad; other lettering as for plate 24. 

Platb 27 

BoneUiapnM aUukana, new genus and species 

1, Dissection of anterior end of a specimen with a right nephridium filled with 

eggs, X 5. A "window" has been cut in the dorsal wall of pharynx and also 
one in the nephridium to show the invaginated tip, within which is the 
nephrostome. The longitudinal ridges on inner wall of nephridium are indi- 
cated by dotted Unes. 

2, Same, anterior end, in contracted state, with right half removed to show 

relation of dorsal and ventral mesenteries to alimentary canal and ventral 
mesenteries to alimentary canal and nephridium, X 5. Anteriorly only a 
few of the frenula of pharynx indicated; back of these the transverse mesen- 
tery of figure 1 (Af >) is indicated as a black line. DM, dorsal mesentery, and 
Z>An (dot-dash), its attachment to right wall of body (removed); VM, 
ventral mesentery, attached to lower side of intestine and mostly to left side 
of f oregut and involving posterior part of dorsal artery (B^) . The nephridium 
lies in a sort of anterior cul-de-sac or egg trap. When the animal is extended 
the upper margin of dorsal mesentery is at a distance behind the nephridium, 
here shown at minimum size. 

Af , a transverse mesentery below the dorsal blood vessel; 

M*, special muscular mesentery between gizzard and stomach, not shown in figure 
2; PVf position of pyloric valve, mentioned in text; other lettering as for 
plate 24. 

Platb 28 

Eubonellia valida, new genus and species 

1, Dissection of anterior end of body from above, X 4. The foregut has been 

drawn to the left to show the large nephridium (N) with its terminal nephro- 
stome (CF). Note the unusually long stomach (C), filled with pellets, 
between the gizzard (Gf) and intestine (/). The ventral blood vessel (B<) 
and the much contracted neurointestinal vessel (B*) have been crofls- 
hatched. The dorsal blood vessel (B^ is unshaded. 

2, A cluster of nephric elements of an anal vesicle, X 30. 
8) Type, natural size, from below. 

4, A pellet from the postsiphonai intestine, X 10. 

5, Male, from mouth cavity, X 50; anterior end to right; the sperm receptacle and 

duct shown. 
Lettering as for plate 24. 

PULTK29 

NeUobia etitoma, new genus and species 

1, Ventral view of anterior end of type showing the short truncate snout, X 5. 

2, Ventral view of type, X 1. 
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3, Tennjiial portion of intestinoi the cloaca, anus, and anal vesiclea, X 6. 

4, Branchlet of anal vesicle, X 50. 

NP, nephridiopore; Go, posterior part of gonad with blood vessel and nerve cord 
underneath; Af, mesenteries; other lettering as for plate 24. 

PULTBdO 

NeUcbia eusoma, new genus and species 

1, Dissection of anterior portion of type, seen from above, X 5. The nephridium, 

filled with eggs (0.86 mm. in diameter) on the left, has a window cut in the 
wall to show the constricted duct from the egg chamber. The swollen duct 
leading to external opening lies under the nerve cord and ventral blood 
vessel. 

2, Pharynx, X 5. Interior; anterior end looking toward mouth. The dorsal side 

has been cut open. 
B^ B*, B\ dorsal, neurointestinal, and ventral blood vessels, respectively; CF, 
nephrostome; D, peripheral portion of peripharyngeal diaphragm (the central 
portion adjacent to pharynx has been removed); DM, dorsal mesenteries; 
O, gizzard; Oo, gonad; M, mesenterial sheet holding loop of pharynx-esopha- 
gus; NC, nerve cord; 0, esophagus; 8il, beginning of siphon; VM, ventral 
mesentery of pharynx-esophagus; X-Y, probable extent of gizzard; at Y 
the canal was broken, and it is possible that a portion of the succeeding 
stomach was lost. 

Plate 31 

Aeanlhohamingia paradda, new species 

1, Ventral aspect of paratype, X 1. 

2, Same specimen; genital groove, extending forward from nephridiopore (N) 

and showing four males in situ, X 5 ( $ , males attached to skin) . 
2a, Anterior portion of figure 2, X 15. 

3, Type; genital groove in probably the normal closed state, X 5. 

4, Genital groove of third specimen that has two nephridiopores {N), X 5. 
4a^ Nephridiopores of above, enlarged. 

5, Male from genital groove of paratype (fig. 2), 1.19 nmi. long, X 50. 

6, Type; anal vesicles and thin-walled cloaca from above, X 3. The anus can be 

seen through the thin wall of the cloaca, and on the left most of the tubes 
spring from a rudimentary bladder. 
/, intestine (missing from type); M, mouth; N, nephridiopore; 8, spermotheca 
(nephridium). 

Platb 32 

AcarUhohamingia paradola, new species 

Dissection of anterior part of animal from above, X 4. Note the very long foregut 
ending at B^ and the long (as compared with BaneUia) segment of intestine 
between & and Sil, 

B*, B*, B*, dorsal, neurointestinal, and ventral blood vessels, respectively; C, 
portion corresponding to stomach of other bonelliids; CF, nephrostome; O, 
probable gizzard; /, intestine; N, nephridia; NC, nerve cord; 0, esophagus; 
P, pharynx, Pe, pellet, X 10; Si, siphon; 8il, anterior end of siphon. 
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Platb33 

UreehU eaupo Fisher and MaoGinitie 

1, DisBeotion of contracted specimen from above, showing the intestine in hap- 

hazard convolutions. The principal mesenterial bands, which anchor the 
intestines to the body waU, are shown but not lettered. The ooelomic aper- 
tures of the nephridia are recognizable by the conspicuous coiled lips. The 
arrow indicates point where pharynx becomes esophagus. The figures in 
sequence on the midgut are intended to aid in following the convolutions; 
/ is at the beginning and IS near the end. Beyond IS the slight diverticulum 
of the respiratory gut is indicated. 

2, Pharynx contracted and slit open along ventral side to show the straight 

longitudinal folds of lining, continuous with those of the proboscis. Pos- 
teriorly is shown characteristic lining of esophagus; on each side are the 
dorsal mesenteries. In front of these the ventral mesenteries are spread 
laterally since pharynx has been opened ventrally (see pi. 34, fig. 2, 14)» 
8, Ventral surface of proboscis and anterior end of body. 

4, Posterior end of body showing eccentric anus and circle of setae; + marks the 

midventral line. 

5, Two views of the anterior setae. The line indicates 1 mm. 

6, An anal seta, same scale as figure 6, with, below, a tip enlarged. 

A3, anterior setae (accessory seta shown at side; muscles not drawn) ; AV, anal 
vesicles; Ci, Ct, crops 1 and 2 of Seitz, subtended by muscular bands Mi and 
Afs; Ct is the stomach; CL, cloaca, the posterior portion lined with heavy 
longitudinal ridges (arrows mark apertures of anal vesicles); 0, gizzard, a 
portion of the foregut lying between 0% and C%, characterized by thick 
muscular walls and circular muscular ridges and constrictions; HO, respira- 
tory gut, specialized posterior segment of midgut; Afi, Afs, muscular bands 
of crop and stomach (Ci); N, nephridium; NC, nerve cord; 0, esophagus, 
anterior limit marked by an arrow; P, pharynx; PS, posterior or anal setae; 
8, siphon or accessory intestine; 81, beginning of siphon near beginning of 
midgut; 82, end of siphon; VM, ventral mesenteries of pharynx; 1-lS, these 
figures are in sequence along the midgut and are intended to aid in following 
the course; IS is near the junction of midgut and its terminal specialized 
portion, the respiratory gut. 

Plate 34 

Urechis caupo Fisher and MacGinitie 

1, Dissection of contracted individual showing the generically characteristic 

parts of alimentary canal, most of the "small intestine" having been removed. 
The very long foregut consists of pharynx (anterior to P), esophagus (O), 
crop (C) with its strong muscular mesentery, gizzard (G), and stomach 
(C) anchored posteriorly by a strong mesentery here shown in maximum 
contraction. 81 is beginning of siphon (pi. 35, fig. 5). Attachment of 
respiratory gut is always on left of nerve cord (NC) . Along its dorsal surface 
is shown the muscle strand continued from the small intestines and serving 
posteriorly for attachment of a few dorsolateral mesenteries. 

2, Head region of coelom looking forward from just behind first pair of nephridia 

(10) showing arrangement of muscular mesenteries of pharynx: 1-7, dorsal 
and dorsolateral; 8-1 S, lateral and ventrolaleral; IS, the dorsoventral 
muscles mentioned in text; 14, ventral mesenteries of pharsmx; 17, nerve 
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cord; crossing the ventral mesenteries between the two figure 14'b is the 
interbasal muscle of setae; radiating muscles of setae shown in solid black 
on right. 

3, Anterior aspect of a nephridium of second pair showing nephrostome and 

elongated lips spirally coiled, X 6. 

4, A nephridium from a specimen 40 mm. long, not yet sexually mature, X 20. 

Platb 35 
Urech%9 eaupo Fisher and MacGinitie 

1, Arrangement of intestine and mesenteries in fully expanded specimen, X %. 

Anterior and posterior portions of body have been omitted and the intestine 
has been spread to right and left to show attachments. Normally these 
laterahnoet parts overlie the darker and more mesially located portions. A 
section has been removed from respiratory gut to show attachment of mes- 
enteries. O, crop; C>, stomach; (7, gizzard; HO, respiratory gut; ikP, 
mesentery of stomach; NC, nerve cord; Si, siphon; Sil and Sig, anterior and 
posterior end of siphon. 

2, Portion of midgut at X of figure 1, showing its highly sacculate structure; 

mucosa with fine anastomosing plications, transverse in direction; Si, 
siphon, X 2. 

3, Postsiphonal midgut at XX of figure 1, X 2, showing the mucosa and longitudi- 

nal muscle band marking position of ciliated groove. 

4, 4a, Cestode larvae from anterior end of the siphon, X 60. These larvae vary 

in length from 0.25 to 0.32 mm. and are free in the lumen of siphon and in 
the hemialike swellings, which may be caused by them (see fig. 5, above Sil), 

5y Sagittal section, X 5, of the distal end of stomach and beginning of mid^t and 
siphon, showing macroscopic character of mucosa; O, stomach; CO, one side 
only the ciliated groove; the groove is constituted by two of these finely 
plicated folds or ridges of the mucosa. The plications are coarser and the 
groove is broader in the short segment CO^; Si, siphon, showing foliose 
mucosa. The cestode larvae were found in this portion and in the hernia- 
like sweUings shown just above Sil, the narrow passage connecting midgut 
and siphon. 

6, Fecal pellets, X 3. Specimen from Monterey Bay, Calif. 

Platb 36 

1, Urechis chUensis (MfiUer): Anterior end of respiratory gut showing mode of 

attachment by muscular mesenteries, X 3. Compare with figures 2 and 3. 

2, UreekiB eaupo Fisher and MacGinitie, X 1.5. 
8, Urechis unieineltis (von Drasche), X 5. 

4, Urechii eaupo: Cloacal region of a relaxed specimen (pi. 35, fig. 1) with the 
posterior part of respiratory gut; dorsal wall of cloaca removed. AV, anal 
vesicle; ikP, muscular mesentery anchoring the stomach; Af*, muscular 
frenula of cloaca; N, nephridia; NC, nerve cord; PS, posterior setae. 

Platb 37 

Ureehis eaupo and Commensals 

1, Portion of tunnel showing one position of worm while pumping water through 
its slime-net and characteristic stations of commensals, X ji. A, CUv0- 
landia io9 (Jordan and Gilbert) at mouth of tube; B, Hesperonoi adventor 
(Skogsberg); C, ScUroplax granvlaia Rathbim; D, Cryptomya ealifomiea 
(Conrad). At upper point where tube is interrupted one inch has been 
emitted, at lower point four inches. 
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2, Seleraplax granuMa Rathbun, male, X 3. 

3» Hesperonoi adventor (Skogsberg), type X 1. 

4» Speoimen of U. caupo with slime-tube in place, with the thiokening at point of 

attachment to body indicated. The worm is shown in characteristic punap- 

ing posture; X 3. 

5, Characteristic posture while tube is being secreted; tube just begun; entranoe 

indicated by dots; X IH* 

6, Expression of worm while swallowing slime-tube. 

7, Grasping slime-tube at moment of starting to swallow. The proboscis ia 

holding the posterior edge of tube while a portion is being sucked in on 
ventral side. This step occupies about three seconds. 



V. t. •oviimiiiirr pmiriif orneii iMf 
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LISTRIOLOBUS PELODES. NEW SPECIES. AND OCHETOSTOMA OCTOMYOTUM, NEW 

SPECIES 

FOR EXPLANATION SEE PAGE 286 
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LISTRIOLOBUS PELODES. NEW SPECIES 

FOR EXPUANATION SEE PAGES 286-287 
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OCHETOSTOMA OCTOMYOTUM. NEW SPECIES 

FOR EXPLANATION SEE PAGE 287 
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OCHETOSTOMA OCTOMYOTUM. NEW SPECIES 

FOR EXPI_ANATION SEE PAGE 287 
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ARHYNCHITE INAMOENUS, NEW SPECIES 

FOR EXPLANATION SEE PAGE 2«7 
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BONELLIOPSiS ALASKANA. NEW GENUS AND SPECIES 

FOR EXPI-ANATION SEE PAGES 287-283 
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BONELLIOPSIS ALASKANA. NEW GENUS AND SPECIES 

FOR EXPLANATION SEE PAGE 288 
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EUBONELLIA VALIDA. NEW GENUS AND SPECIES 

FOR EXPU^NATION SEE PAGE 288 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM 

r 



PROCEEDINGS. VOL. 96 PLATE » 




/:^\ 




M 



Nellobia eusoma. new Genus and Species 

FOR EXPI-ANATION SEE PAGES 288-280 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM 



PROCEEDINGS. VOL. 96 PLATE 30 



•M 



NELLOBIA EUSOMA. NEVV GENUS AND SPECIES 

FOR EXPLANATION SEE PAGE 289 
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ACANTHOHAMINGIA PARAIX^LA. NEW SPECIES 

FOR EXPLANATION SEE PAGE 289 
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ACANTHOHAMiNIGIA PARADOLA. NEW SPECIES 

FOR EXPl-ANATION SEE PAGE 289 
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Urechis caupo Fisher and MacGinitie 

FOR EXPl-ANATION SEE PAGE 290 
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URECHIS CAUPO FISHER AND MACGlNITIE 

FOR EXPUMMATION SEE PAGES 290-291 



Digitized by LjOOQ IC 



U. S. NATIONAL MUSEUM PROCEEDINGS. VOL. 96 PLATE 35 



URECHIS CAUPO FISHER AND MACGINITIE 

FOR EXPI-ANATION SEE PAGE 291 
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Urechis caupo. u. chilensis. and u. unicinctus 

FOR EXPLANATION SEE PAGE 291 
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Urechis caupo and Commensals 

FOR EXPUKNATION SEE PAGES 29t-«2 
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